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I. PERTINENT DATA

Drainage area.

Net (below iake Sunepee) . N . 199 sq, miles
" Gréss (inéiﬁding Iake Sunapee) -2 sé..miles
Elevations ' . L o "
‘Top of dam | : El. 559?.3,}.
~ Spillway or?st | : -;Ei; 535 £;$;&.
Pool et maximum flood El, éh§-m,s;i.
Low water in stream at dem site L ‘ ,'El:lséé.Q;;;i.
Streambed atldam site . - i - o }313.522:m?$.l.

-HWdraulic data

Reservoir capacity

‘s Area of’:Capécity:Cofrespoﬁding’Stor-

Blevation ireservoir: in  :age in inches. of run~
¢ in . : acre :off from the gross
. i__acres ;- feet . idrainege area
Below El, 630.0, spillway orest. : 1420 5 78,300 5 6,0
Total below Els 650, top of dam  : 1670 :108,300 : .. 8,3
Total below El, 6L5 (surcharge for : N
‘spillway design dischargs) : 1610 :101,000 : 747
Yeats of hydrographs o 15 years

T (1929. to 1943 incls)
Meximum flow, pesk (estimsted) Flood of March, 1936 . = 13,400 CelaSs

Maximum flow, 24 hour mean, Flood of March 1936 11,200 cuf,s4
Bstimated peak inflow, spillway desgign flood 'j._ 52,650 c:g;é.
.Estinated_paag outflow, spillwey design flood ‘ 'BT;OOO_ng.SJ
Estimated volgme, spillwey design fiood._ : ... 1447 inches




Estimated volume, outlet design flood.. ~ 9,08 inches

‘Estimated peak inflow, outlet des;gn flood . 25,300 6,15,

'Approxlmate tailwater elevaﬁidﬁ at‘maxlmum Flood -
(Pool at Els 6&5) o

. E1, 846.2 m,s.1,

CTApprOxlmate tailwater elevatlon outlet dlsgharge ;fff._'-'r;__f"'_:.;
of 10 300 cefes, {Pool at El, 630) R BY; 580 mese e

K

‘Cutlet capacity
. Poolat El, 630 | 10,200 gy fysyin

. Spillway ocapacity

_f?OOI_gt 21, £50.0 (Top Qf tem) o e - Li.irhifi;éédigéfﬁé;i :

.-, Pool at 5}; di5.0 (Maximum flood elevation) * (! $87;000 cifisa”

ﬁmbankment ' T B ey YOy
Mex imum helght above streambed

: Total lengthlon:tqpfg

Top width of dam '

‘TfiﬁTotal f111 in eﬁh&nkmen% Tt e 3,426,000, 603

”iﬁﬁiTotaI 1mperv10us core and cutsoff trench . 510,000 Coye

‘TTotal random fill 'f;"“EH?{~~%-@ﬁm. w;;m,!.mﬁ,:m;:?§03000f§;y§_n
Total porvious f111= o ! 720,000 Ve

-
. .

Total dumped rock '; o j ST 262 000 c,y. |
mf' . .Total gravel bedding . g : .-9u,ooo CeVe

* Potal topsoil ' R i:'l . S0,000'c;y.

Qutlet works T e e e e
Shepe of tumnel | coe ", Circular
‘Diameter of tunnel | ' R .16 feet

© Minimum thickness pf concrété51£ﬁiﬁg ' Ce . I''foot

Length of tunnel, portal to portal = : - -931+7fee£} &

-2 -
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II., INTRODUCTION

A, "ﬁUTHORIZATION. - The Claremont Dam is one of ?O dams included

in ﬁhe Comprehensrve Plan for flood control in the Conneetlcut River
Basin as reported in House. Document No. L55, 75th Congress, Ed Sess1on.
This report was authorized by (1) Seotlon 6 of River and Harbor Aot
approved August 20, 1935, Publiec No. h09, 7lith Congress (2) Resoldtlon
dated Maroh 27; 1936 by the Commlttee on Flood Control of the House of
Representat1vos (3) Seotlon 6 of the Flood Control Act approved June 22,

1936 Publlo No. 738 7hth Gongress, (h) Publlo No. 53&,_ Bd Congress,‘

.....

of the Chlef of Englneers dated August 8 1936._ The general compre-_

'l--: e e

P SN Vo

hen31ve plan for flood oontrol 1n the Gonneotlout vaer Bes1n .as set

-

forth in House Dooument No. h55, was approved by Congress in the Flood

Control Aot of June 28 1938 Publlc Nos 761 75th Congress."Th;s‘plan

was modlfled to 1nolude the works recommended by the Chlef .of Englneers

in. House Doouments No. 655 and No. 72&, 76th Congress, 5d 86531on, which

T LA LR

’ were approved by Congress in the Flood Control ﬁot of August 18 19L1

Publlc law 228 77th Congress. The Claremont Reservoir is one of the

20 reserv01rs included 1n the approved plan as, set forth ;n Hbuse Docu~-

.:ment No. 72h

?'."._ P

B,  EFFECT OF CIARENONT RESERVOIR IY REDUCING FLOODS - The Cl&re—

mont reservoir w1ll provide almost oomplete flood proteotlon for the

communities of Cleremont and ﬂest Claremont.on the Sugar River, and will
J

have a oons1derable flood—reduolng effeot on the Conneotlout River below

its confluenoe w1th the Sugsr River, In this respect the effect of the

reservoir.is estimated as follows:

.,*LL-



Drainsge Area % Reduéfi;hTSf”
Location (quaré'milés)r peak discharge
Bellows Falls . /5,387 ... v?1_73.- 66
CVernon - o 6,240 N S 5 G
Holyoke . el B8y e T TR ‘5‘8;f}3'5'
Springfield. - - - - .93587:‘i'> e f}."fié;ggf'if_éf«f'
Hertford - 10,63 R ‘:f7“-5é?6£§9""'

The effect. of the reservoir will. be as showﬁ abova iy the Hi

rainfall over its watershed and less ra1nfa11 over other parts of the

Connecticut River watershed, A" reverse dlstrlbutlon of ralnfail w1ll
ceuse the reservoir to be less efféctive in its reduction: of ébhnéétii“"

cut -River peak discharges,. .-

C.. CONSERVATICON STORAGE,. ~ Studies to determine the ratioiaffha* ’

cost versus benefits for conservation storage combined w1th flood’ control
.storage, indicate that- storage for this purpose is not fea51b1e“at %hls

51te.

. D,  RECREATIONAL FACILITIES. - Various positiokis of ‘the reserveiy

area, particularly the flat area in the valley bottom downstream of . the
dam and between the existing State Highway Route No, 11 #nd»Sugdt Ri#er,
possess excellent pOSsibi}itiegrfbr“pbssibleﬁfptﬁregdgveiqﬁment as

recreational areas for the public, ‘No construction directlyffalﬁﬁeﬁjto

the development of & recreational area has been included in the contract.

work,

B GENERAL BRIEF DESCRIPTION OF THE DAM. - The dam'w111 be' an

earth-fill structure having a maxlmum hslght of 128 E fro'
bed to the top of the dam and a total length bf &pproximatély 2600'
feets, The embenkment will be plgced by the rolled-fill method. The

w5 -



upstream face of the embankment will be riprapped with dumped rock;
the downstream face will be topsoiled and seeded except for the tos
which will be dumped rock.

The reservoir outlet will consist of e gate-controlled tunnél ex~
cavated in the rock of the - left -~  sbutment ad discharging into
the river well below the downstreum toe of the dame The gates will be
. housed in a conerete inteke tower located at the upstream end of the
tunnels The spillway weir will be located in the :right abutment
ebout 900 feet from the center line of the dems The weir will be
founded on rock arid the south end of the weir will be separated from
the earth abutment by e comorete retaining walls The spillway discharge
wlll be garried in a channel e;ccavated in rock down the slope of the
- ebutment to the valley floor at a point remote from the downstream toe
of the dams Across the valley a pilot and drainesge channel will be ox-
cavated in the overburden to indu{:e erosion along the proper alignment

and discourage a tendency for the spillway discharge to meander. .
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III. SEIECTION COF SITE

'A'.  GENERAL IOCATION. - The-Clareriont Dem site is looated on the Sugar

Rivéf;'Néw;EamPShi}e; g tributary of thé'anﬁeéﬁicut River, having a total
drains.ge sres 6f4269'sqﬁaré hiles ab its conflience with the Connecticub.
The area tq be controlled by the reservoir contains 245 sﬁuare miless Thé :
site ‘seledted is located on the Sugar River about’oie mile Southenst of

Clerémont , §ulliv§n;66ﬁﬁ%§f New Hampshire, and sbout 7.1 milés above its

conﬁlﬁeﬁce"ﬁiﬁh the Connecticut River. (See Plates Nosal snd 2)4

B, '"éITEs'comsIﬁEﬁED. - Several sites above and below the site finally ..
selected Wers infeétiégtéd;v Aiiwof'these sites were eliminated principally . . . !
because of wnfavorable ge;i'o.g‘ic' conditions and the difficulty of securing
sufficiéné étofdge‘capagity,’ The exact alinement was chosen so that'Flat—”*
rock Brodk'caﬁ be soonomically diverted without denger of demage to the
dam embankmént. Ffoﬁ the cemsideration of resefvoir capscity, geclogic
condltlons and construotlon ‘costs the site selected is conside¥ed tHe: most

feaslble smte for flood control PUrposes s

C;f_ SEBECTION OF SITE. -‘A thorough 1nvest1gation of the river' valley’
iné;uéing map studles, fleld reconnalssance, reservoir and site surveys~andt
geoldgié inﬁestigafioﬁs ied toAthe séléct*dﬁ of “the site') Possible dam sites
3, 000 feet.' With soft varved 51lt in the valley formlng & maaor foundation
.problem at thls 901nt, borlngs were taken over the whole 5000 fset of this
resch and show thls 511t nearly 100“feet'thlck downstream decr6331ng‘toih0- '

>, o |
febt thick upstream of the temterline selected, The site éolected is at |

the‘éitréme‘UPStfeaﬁ“ré%ch'df“bbésibie sites in this resch and has the least

average dépth'éfZSOft varved silt of’éli'ﬁhe pbééiblé'sités in this reach,




.y
Q

which is cons;dered a real advantage.: It is satlsfactory from the view=
point of economJ, safety and utllltj, and was found adaptable to a d651gn
_of‘@am and appurtepant structures,~the-qpﬁj:qf wh%gh;h%§_gzﬂayorgb}e ?atiqﬂ_
tF_the beﬁefits ge?ived. - =--,;:'-"“h Lo  ‘15‘ FRRE !V

- D. | SELECTION OF TYPE OF DAM. = A study.of the geologic conditions in-

ldlqding_determination of the -gurface of.bad rock resilted in the adoption of

' R S
an earth-fill dam as being the most%praetidabﬂo typezforfthe~siﬁex$ £Vailable

..‘

embankment materials are. well ueparate& into stypes ‘in natural state w1th i
perv1ous glaclal till in spillway excavetion in rlght abutment and pervious
sands and gravels in river terrace upstresm from dém ’oh 'left side. of river.

Such natural segregation dﬂgmgterialS;is.We;l_adapteﬁ %o afrdlléd-fill”typé_

——

of dgm,i Rock lies.close to the surfacetqﬁ thélj'left‘}F'abuﬁmqgﬁ;'ﬁuﬁ“#hgﬁrz

H
s

degp deposit of overbﬁrden which occurs in the river bsd’and'on-the ?z
right. e.bu-&men-b,makés the cost of a concrets dam prohibitive. No saﬁng in

embenkment -volume would result from the.use ofra*rock-fili’dam cwiﬁg to:théﬂ

. wmstable nature of the foﬁndatidn. Hence & rock~flll dam.would be 1nfeas—

ible. A hydraulic~-fill dam was given can51derutlon, but ow1ng towlnherént
drawbacks in the construction method and the-objectionable-stresses induced
in the foﬁhd&tionfby this method it will not be used. The meterials availy
eble from eicav&tions_gnd borrow areas are found to be.suitable fof-the.
rolled=fill method of embankment constrhotibn;'anq it wasftbefefﬁre adpp%é&,
The,upstream ;lﬁpe of the embanlment wili be. protected with dnmped-riprab.‘
Heavy rock fills will be consﬁructed at both upstresm end dpwnstregm toes,

Due to en insufficiency iﬁ_the;qugntity of fock_frqm,exéavations, the aowQ—f

stream slope will be topsoilgéfand,seé@ed and P507i3i¢n;@iildbe*m%§§-#?ywa:ﬁ'

ez CArry the surface run-off through & system of underground drains to an outfall

1 2]

.‘_'

- 0P
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well below the downstream toe. Provision has been made to decrease the
- amount of topsoiling end seeding on the downstream slope, if rock becomes
availeble in greater quentities then are anticipated,

E. TREATMENT OF RATLROAD, . The single trick lins of the Concord and

Claremont Railroed owned by the Northern Reilroad Company and leased and
operated by the Boston & Maine Railroad passes through the damsite end will
require relocation or abandonment; This railrosd extends from Concord, New
Hémpshire to Claremont Junction, New Hampshire, The minimun section con-
sidered for abandonment is the portion lying between Claremont and Newport,
a distence of approximately 12 miles.

Thercontraeﬁ drawings-aré based upon the premise that the rail-
road will be abandoned before construction of the dam oommanées.. In the
event it is decided to relocate the railroad, this will not affect the de-
sign of the dam and its appurtenances as none of the several possmble elign=
ments for the relocation involve a change in any of the structures. Rock
excavetion for & short section of the highway relocation is ineluded in the
contract work and will be affected by the alinement of the railroad, if re-
locatéd.

F, BROOK DIVERSION, ~ A small stream lmown as Flatroock Brook enters

the Sugar River at a point within the ares of the dam embankment, The
dreinage area of the brook is approximately 250 acres, Several schemes
were invesbigated to divert the stream away from the dem and dispose of

its flow. The most feasible was the position indicated on.Piate No. 58
and consists of é‘channel excavated in rock and discharging into the outlet

_channel of the dam.
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IV. GEOLOGICAL INVASTIGATION

A.  TATURE OF VALLEY. - The Sugar Rivér Valley wherein the reservoir

arill be formed is loosted in the foothills of the Green Mowntain om the morth
and the Unity Mountain mass on' the .§outhi. -The_broédvéuﬁmifiafﬁthé Tnity
Mountain, -approximetely 1300 feet above the valley bsttoﬁ;-is situated 2,5
miles s6uth of the river, That of tie Creeh Mounfaih;'si£Uated at & sinilar
distande dway but to the north reaches a height of about 1500 feet abovéﬁfhe
river, ' The valley" is made up essentislly of two parts, :A'gédibgicali§
dncient’ end more exténsive valley than that which ‘is how'exgreéséd’in the
topography dates ‘back in origin to pre-glacial‘%iméi 1 second anﬁ'YOuﬁgéf
h-valley.wﬁiéhﬁﬁb@ve;gl&remont;is-supsrimposediﬁpén the’oldéf,'is formed “in -
glacial sediméntsy: The pre-glacial rock velley is deeply buried and ‘ledge
rock isfonly.infreQuéntly exposed at river level at 15délities where the
present stream is'directed against the lowerTéloﬁes of the;maiﬁ'ﬁiilsidé.ﬂ
About 1.5 miles below the site the river flows over sohfet ledges for a
considerable distence, its coursé being rorth of west £o the Comsiecticut
River, Downstream of Claremont tirls ‘stretch of valley is geologically younger
then the completely buried and blocked pre-glscial valley which: underlies
Claremont on the souths This buried valley;is'direéted'in ) sbuth'bf'ﬁéstl
course;toward'fheaconnecticuﬁﬁRiver. oo |

| The sediments overlying bedrock are of glacial origin. A gfdund‘
moraine or glacial till of chiefly ice de?ositea mixéd meterials of fiﬁe |
and coarse texture occurs ﬁn'bedroek‘in the‘highér”elevatiohsa .Similafii'”
sediments also oceur in the ;uwer elevations=5ut here they are buriéd be-
neath glacial stream deposited meterials, Gladial lake sediments occur

beneath the valley floor. These-éxtend‘westerly for several mileSVWhere

~
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rthey ‘merge w1th the more extenszve “lake’ depOS1ts'of the Gonnecticut valleye

Bedrook 1s oomprlsed of steeply 1nc11néd ‘schistése formatlons and. granlte.'

Be METhDD Ay EXTENT OF EXPioRATIONS,

......

1. mxtent.‘- Subsurface exploratlons were accompllshed by core

'lborings, ﬁast plts and auger borxngs. Thése investigations: were made (l) ,
to looate and sample rock beneath the ‘giutnientd and in the. spiliway. area,
(2) to determlne the character, thlcknass, ‘and quallty of gverburden An .
Ithese areas, (3) to locate the upstream and’ dgwmetream: portals of. the

streem control tunnel and foundatlons Por pier &nd wall. for BCCESS brldge

to gate house, (h) to determlne ground Toter: condiﬁ1ons, and (5)-to: 1nvest1-
gate borrow areass Addltlonal explor&thns 1QVQIV1ngrspeQ1al'sgmpllpgii,

' ?echniques-ahd procedﬁréé-wére'cdndﬁcfed in therfoundaﬁiﬁﬁsaréagixgysppﬁgfy
Qf'ﬁhese invéstiggtions'is given in Table 1, “Summar&-of Subsurface Investi-
gations" (Page 12), The ldéétién'of each exp1oration is shown on Plate Nos L.
"Plan of Subsurface Expl;ratiﬁhs“,-and Plate Nos 5¢ "Plan of Borrow Arebs'y

. and the records on ?1atenﬁos, 6; ?;-%ﬁd 8

2, Cased borings.h-,All overburden -drilling was done uéing weish

boring and dry sampling methods.. Frequent soll samples were obtained by
mesns of suitable sampllng spoons. Sbecial precautions were taken to assure
that samples were undlsturbed by wash water. Numerousgundisturbéd samples
'of,diameters varying frqm 2" %o hPT/B“ wefe”dbtaihed bjﬁthéfSpbcial Provideno:
'U.s.E,D. methods and techniquess A large number of the borings, after comple-
tiony were equipped as observatibn-weilsland fluctuations of the water table
recordéd‘pvsr éé#era1 months; 'Rpck cores were obtainéd in more than one

half of the total number of borings, Pfessure ﬁnd seepage‘teéts'Weré”cbn&E

ducted in a few selected borings.

.1l P
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Table 1= Summary of Subsur face Thvestigations

Exploraticon " Exploration Number of Lin, fte explored 7 p
Method : by Exploration | Overburden Rock Purpose of expleoration
_ Preliminary borings to outline fourdat ton
Borings Contract’ 8 16,0 | 10%.5 conditions for definite project reports
(Prolimrinary). o Accomplished 1936.
- S R To debermine foundation conditions, and to
Borings o} BeS.E.D, o 88 .. 5257«5: 1. 1360.2 locate bedrock for spillway locatlon, and
'—,;'IkHi;'ed labor) f-+ < 7 o R s‘tream cor'trol tumnel.
+ — i R To investigate pervious “borr_'bw ares in
- O S L depth and develop lateral extension of ime-
- ‘Borings = TeS.ED. L 569,6 - = pervious materials on east side*of splllway
no {Bdrrow. Ares} - < R approach channels
;‘ o . ) . I
- R N : - : To investigave coarse granular deposits oG-
Test pits 1 UuS8.EDs. 12 - - - curring beneath flood plain silis through—
(I«_‘pund-ation} i N out founda'blon areds.
) : ' : ' To iavestigate both” perv1ous and 1mperv:1.ous
Test plts & Auger bomngs U.S.E.D.. O 62849 - - borrow areas.
(Borrow Area) - EEE : _

*Incj_udes 13 borings,,f'ox‘fobtaining szp‘eci‘é.l undisturbed samples.

13

h *

**Inc.iudes three .de‘ep. :besi; pits in right ébutinien‘c’.;



Je Test plts and auger oorlngs, - Numerous shallow test plts and

' auger borings rauglng 1n depth from 3.0 to l5o) Ieet were excavated in the

~

perv1ous borrow-areao Two test plts each 17 fee@ deep were excavatea in the .

B ()

%}

1mperv1ous borrcw—splllway area. S .t';' qf’”

Lo " Other 1nvest1gat10ns.'- Several 51tes were 1nvest1gated in the

stretch of vallef extendlng from the flnally selected 31te to about 0u7 miles

downstreams Exploratlons 1ndlcate that these 1ﬁernat1ve¢51tes compared to

» o

thet fln&lly selected do not have any aavantago 1n foundatlon coﬂdltlons and

in addltlon would requlre oonslderably nore roék e;cavat¢ers for splllway

R
T
Lo

channel s
C. SITEO

1. Right abutment, - The rlghb end of the dam;w111 abut

agalnst a h111 of compact glaclal tlll extend ng about 14@ feet above the
valley bottgme AL the southerly end of tnls hlﬁl, in the v101q1tJ of the

dam, the bcdroc& surface is deenly buraed, KAwnzox*ma ely 900 feet north of
the ceﬂterllne of dam the bedroc& su?faoe emerges to fbrm a rock rldge throuwﬁ
out whlch numerous ledbes of a steeply 1nclJned schlstose rock ocuuro The :
splllwaj we1r an& dlsch&rwe chan‘el w111 be "located at the southern end of |

‘thla rocf #ﬁége? fﬁe spillway approach ohannel be;ng lgfaﬁpd in: tlll oyerw
burden., The ;1&0191 sehlments most cromlnently developediare déSLgnated
‘.as Classas T} 9?~and lLANathvoeé&saenal strata~e£-91asaﬁs.3-&nda%@. (;ée

‘descrlpulon of ﬂlassos 1n Table‘lh, “Providence 8011 Clas%;flcdtlon" on ‘ b
Page 18 ). Tho 1orwatlon conﬁaﬁﬁs nu;erou; boulders and 15 very compact. ‘M

4

It will form en; 1mperv16us dbutment as deror §%“uted by the compaot nature

l ....--.-»....-.-... lm.Mllﬁ-t

of the materlal and the‘nlgh water tableo‘ The geologlc rel&tlons are shdwn

i

on Plate Noe 9 "Record af Subsurface Exploratlons;— Proflies and Sectlons.

€3

1)

Rock_confours are whpwn'on§P1até Np. 104 E '
S ooy

g :
A i 1
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2« . Left abutment, = Bedxock-iS‘siﬁuath"af sheilow aépﬁﬁ :

throughout-the léft . abutment providing opportunity'for‘keying'thé {7
pervious embankﬁent section te. rock, and.for location of the stream control
tunnel and gate tower, The overburden is comprised gf a glacial tills
Steeply inclined weathered schist is exposed in the brook bed situated abou£
LOO feet downstream of the pehter line, - Furtier downstreaﬁ the bedrock sur-

face is deeply buried beneath glacial till,

3¢ . Valley section between abutmgnts. —.The overburden bensath’
the flood piain Of'tﬁﬁ valley is made up of three differing groﬁps‘of sedi-
ment, Difectly-beneahh the flood plain fine sends and silts (Classes 6 and
8) oécur relatively pervious loose sands and gravels {Classes 2, 3, Ly 5,
and 7) fromt15-feet to 20 feet thicke. Delow this SandVand*graﬁel formatioﬁ
is a glacial lake depo§iﬁ.9ompri§ed.ehi§£1y,of.soft, éOhesioniéés‘aﬁd‘intéf—
stratified silf and rock f}pur:(C}QSQQSgS,rlG-and 12).5185me76fﬁtﬁéée-éinﬁr“
tremely fine textured‘materials are laminated and varved forming thix béééxu:
having cohesion to a siight_degrea,;butmthe‘cohesibnlééS‘Chgfdbteristic is
by far ﬁofe promineni.'_The,thigkegt_seomion,oﬂlthis?glacial idké“depbéi%;"
appro?imét;ly?95‘feé#,_occurs,ben@&th:thegdownstreém.tde; 'TﬁfoﬁQHSﬁt Bﬁkéf%h
portions of the foundation the thickness rangés from 30 feet to 50 }eeﬁ: tﬂ "
massive and compact formationmofAbedded‘and”pcnmbeddéd_gédimsnts oééhrs bow
tween the bedrock surface and th; soft éilt and rock flour'debosité;l Thégé‘
materiais'afe represented by & variety of texbtures, some ﬁaving beén”déﬁoéite
by eﬁ}lier glac;al stream or lake action end others as glécidl*&iii; Aii éfﬁ

well consolidated or compacted,

D. NATURE OF EXCAVATIONS.

le Overburden excavationse ~ Overburden excavations will be rew

w 1y



o o e .
DL T hd . . s
. . . fa,

quirsed - for (1) the. 1 unnel intake angd, ‘approach chanrels, (2) the splllway

appreach chamely- (3) the cut—off trench and (4} pervious borrow. uonstruc-

tion ofl.the cubwoff trenqh tio, nrQVlde for keying of the 1mperv10us embanxmﬂn% '

the: velley will: require. ex cawaclon of the gand and gvavel fornatlon OCGurrlﬂ”

- beneath the flood plain silts and-flna sandse .About one-half of the excava-
tielr reguired 3rillk- he. made belOW'the wa*er table. In thajﬁlgﬁér ground of
both: ahwbnents excavations for. the cut~off t;ench ;Lil be made 1n v@ll ‘com-
p&qted.and:relat;vely,mmperV1ou§ glacial t;}lV(C%Q§SQ%TEﬂ52 anq“}l)y' m'

v e .The glacial till overburden‘Qf‘thefspi;lwgy;gpﬁppqqhxgh@nne;

congists predeminantly of compact and well graded grangla;g@?terig}s'(qugSes

Ty:9:iand 11) ranging in particle sizes from rock flour tougraveli' Numerous
gobbles and boulders also ogccury These excavations will be carrmed to a
maximum of about 50 feet in depth. -All meterials excavated from the spill@ay
cﬁannel.will.be_used in'tﬁe impervious ér:the;random impe?yious embankmen£
- sections, |

Excavations in the pervious borrow freas will bé made chiefly
in stratified saﬁd and sand and gravel deposits (Clusses 1y 2, 35 4y 500
Stratifications or beds containing much finer textured meterials (Classes
6, 7, 8, 9) also ocour,. bub.in m@norﬁaﬁpunt.

- 2¢ -Rock excovation, = n,  General, = Rock excavations will be:

.reguired for construction of the tunnel, foundstions of the gate tover, and
the spillway discherge channel, - Rock stripping will also be required over
the spillway weir foundation und Ffor the enb%nknent cut-off at rock. The
rock formotion is a fine grained ond 11minﬁted phylllte, onlled also ‘phyllitic

schist, It is s»euply inclined und hos-a Lell doveloped sl tey cleavages

=15 -
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5.

X-ray and petrographlc e#amlnatlons 1ﬁdlcate the rock‘ls co:orlsod oulefly
of very fine gramned quartz and serlclte (whlte) mloa. _The'qverage_strlke
of'beadlng, vhich also is parallel to the slatey oleavage; is ¥ 30° E.
(magnetioj. The tunnel, throughout a con51derable portlon of its length,
will extend across the strike or dlreotlon of the sohlstose strata. ‘In ex~
¢avation of such a rock formatlon, this faot and the steep inclined altitude
of beds is & desirable condition‘booh as to:rook stability'and breakage, A
system of joints or fraotures oocur at nearlv rlght angles to the slatey
cleavage. fhere these ocour adgacent to the eacavatlon llnes there may be
difficulty in holding to the preclse 1ine of exoavatlon._ Durlng tunnel ¢on=
struction thin rock slabs mey become loosened and fall 1nto the excavated
space. THis behavior however Will not be serious, and if encountersd at all
“will be confined to narrow zomes where s%eeply 1nclined cleavage planes ore
more pronounced and the rock more ea31ly shattered by olastlng operatlons.
The plans provide for installation of steel llner"plgteo,_;f thls,oond;t;on?.
is encountered, | | - .
4 _ s S :
| Due to its slatej character the rock lS badly spllt and. weathered.;
This condition is more prevalent in the upper zone of beuroo?, dovn to a
depth ranglng between 5 feet and 10 feet meaﬁherlng_up_ggeato;,@epth,ip
losalized areas is expected. For excavatloﬁo‘in tﬁe soillway discharge.
ohannel it is plamed to operate :Ln such ‘a manner as w:.ll produce suitable
sizes of" rock for plaoement as‘rlprap and dumpod oock on the embankment.
In order to réduce to a minimum the spllttlng and sh tter1ng of foundation
rock beneath the weir, embankmeﬁt key Wﬁll 1n 1eft abutment, and gate tower
structure, the speolflcatlons-prOV1de thot rock strlpplng be done as much as
possible by hand methods, using pnoumetic tools, A minimum of blasting by

mud capping will be allowed,

- 16 -
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be  EBxcavation methodse - Construction of Claremont Dam in- z

B

volves bvef 250,000 cubié yards of rock excavetion in a formetion much 4if-
ferent than any so far encountered on Connecticut Valley flood control pro~
jects, Thereas, st previously completed projeb%éﬂ*coﬁétructions hav6 béeh.
‘made in soft snd 'aecb.yed' s'"chist'-foz;mafcions, hardl blocky - granites, spd-steep-
.;1? inclined quartzite and miéa:schist, a# Claréemont, construétions dre pro-
‘posed in a slatey schist BfJﬁhfllitic_schiSt_form&tioﬁanghgjpndbxemfof con-
ﬁrélliﬁg_féck ovéfﬁfégﬁgiﬁfééé}%iﬁg the. wall rockwoffeﬁcavaﬁiongxfromgshatu
tering, end eﬁ: the same time producing & ro¢k- spoilithat. will be suiﬁ_ga.-ble._.
£dr use as dumped réok end rip-rapy is gonsidered .an importent cre, -Four
.possiﬁle rock exca?@tiéﬁ}ﬁéthodsiin,dpéﬁﬂgutthvéﬂb@gg}gtu@iédibqth_aSltﬁ
_“practicaﬁflity’énd'éoéfsg’ These foufiméﬁhods”are_briefiﬁ_gutliﬁeds,iwjfg
| - (1) The first method temsists of ordinary rock excéva-
tion with slbping-sideé and,lO'fddt'bermS‘at'§O foqt vertical intervals,
. This nethod wbuld.allaw;the_contréqﬁog,uﬁrésﬁricte& operations, and.would
‘froduce'a congidérable quantity of fbék*ovofﬁ?eak, and much -shatbering of
‘the wall rock, In addition, the blasted rock-available for'rock fills.ﬁould
be comprised of shattered slebs and smaller thiﬂ:élabby-piéces and. flakeéss
'(2);.The”se¢qnd method cﬁngists of ordinary rock excave-
tion,(prescribed opergtions) with sloping sideSfaﬂ§.lO_Qgpt_benms_at 30 foot
vertical intervals. The contractorts opérations‘are presbriBed in.thaﬁfhe
Wbuld Be required in blasting to operate in such a‘manner thet shatteriny :
of the wall rqék is reduced to a minimun and ot the some time a rock spoil
is produced which would be suitable for' rook £illse The specifications and

- plans provide this as one alternative method of open cubt-excavetione: .- -



(3) The third and fourth methods consist of rock ex=
‘cavaéionlwith verticel sides éfepared.by”élose drilling and. broaching or: by
means ofléﬁé ﬁire's&w;: Before éﬁ& biastiﬁg‘ié'dbﬂé-iﬂ.pfoximi%y'tc‘the
side walls of the sﬁcavatibn;.a cbﬁpléte severance of ths rock to be blasted
from the wall rbéE to be 1éftiin biace‘is required., This" rock cubting may
be acéomﬁlishéd by either pneumetic means -:chSe”drilling'and broaching =
or by ﬁéing fhe.wiré saws BY'pfoviding an initial severance of the rock, and
prescribed‘ilasting operations as in (2}, a wall rock that is f?ee of shatter-
ing effegfg wiilﬁbe left in place. n anticipation of this condition the
sideéréf éﬁéﬁ éut.excavéﬁidns have been drgwﬁ‘to*be vertical whicﬁ,_compared
to rock cuts with sloping sides and berms, contributes‘considerablerreduction
in the emount of fequired rock excavation, Although the unit costs of rock
excayatioﬁs by these methods is greater, the total costs are less than thoss
for excavation methods outlined in (1) ei'nd.‘(&_’). ‘The 'spec'if'ications and plans
provide for_theée.twn as altorfiative methods of open cub excavationsa.:

(hj The wire sew mebhod oflcﬁttiﬁgﬂrock, although perhaps
not so ﬁell'known in énéiﬂéefing'cbhétrﬁctiﬁﬁ;;is a well knowm méthod in the
quarrying_ihdustfy, péyfiéuigfiy*in'%hé quarrying of slmte aid the softer
bu&idiﬁg Stones;'sﬁch‘gé'fndiéhé:iiﬁesﬁbﬁé;."Thé‘method“is”adaptable to only
a limited variety of Took formations of which the rock st thé Claremont Dame
site is included., A sawing test conducted on a large block of rock from the
site indicates the speed of cutting will be comparable to cutting speods ob-
‘“tained in Pennsylvania slate guarries. The method reguires drilling of 36w
inch diameter calyx holes, located spproximately 60 feet apart, along the
sides of the cut. These holes are used to accommodate posts equipped with

20-inch sheaves or wheels through which is %threaded an endless 3=-strand wire

-8 s




ropes This cabley powered by an electrie motor, drags an abrasive on or

through the rook, dubtting the rock alémp & line about 3/Beinchss wide.’ The

cuts are mede in o size approximeting &0 ft, x 12 ft, The wire saw method

of excavating in slate quarries is illustrated in Photo Now 5e

_E}' SUBSURFACE L AKAGE. - Seeoage apd pressure testing of borings

-

e

1ocated in the : left abutment and in the snlllway weir area’ indicate
: potentlalltles for eon51derable water clrculutlon.' Thls condltlon ich
*is more prominent in tne upper zone of bedroek Clopdn ihe Hedroel Suithos

to a depth of about 20 feet, w:Ll1 requlre carexul strlpplne of weathered

. ...', o . N :
g

rock hhreughout the area dellmlted by the eentral 1mnerv1cus ‘Eors’ and

lr

groutlng of bedrock beneath a oonerete group cap or cut-off exuendlnﬂ along

- -
o ry )

the eenter 1lne of dam in the left : abutment. Gareful strlvplng and

'¢.,

.groutlnw of the rock ;oundatlon et tho s1+e of the welr will also be ro~

V.qulred. These t*m measures Wlll nrev1qe an effectlve barrier to water

f..‘_‘

-'m.elrculatlon through the : 1@ft g abutnenﬁ ard-beneath the'splllway weire

_,;'Leaﬁage or seepage in tne . rlght ‘abutment and 3in the embankment fotmndam

_tlon will be eentrollea by an earth eutuoif this eut~o;~ belng constructed

to eontact the conpact and relat;vely impervmous glaclal tlll in the “abut-

ment and the glaomal lake deposlts beneatn bhe valley bottomo '

H
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V. EYDROLOGY AND HYDRAULICS

A, CLmets.

- -

“ l Temperatures. - long,” c.old w ;ntefs and short SUNMEr's are
o ehra,raci*;er"i\s‘tlc of ’che Sug,ar River baoxn. I*H eez:.ng tez;aaoratures beglﬁ
“abou'b Jche end of Octeber and snd about the mlddle of Aorll. Over 100
' days with minimum temperatures below freezwg maJ be expected each year; ‘ |
.and lf: to 20 days gre usually below 0° F, | |

The summer season, when the maximum dallyﬂtem’aeratures are‘ '_
. -'70° P or hlgher, 19..,*03 from late Na.j to early September. The maxa.n:.ﬁn‘l.

i ‘tempera'ture rarely rises to 100"" F. but average dall_} maximum temneraturec;
are conmonly 20" to 21:,’ F. h:.gher shqn the averag;e dselly minimum *bempera—
tures, '

_ _ In the sprlng, uemperafures ebove ffeemng sufflc:.ene to
'cet‘(me flood z‘unoff f.‘rom meltlng;- snow may begln a‘t any time durmg the lau;
20 days of Marcb.,. Snow melt is, llkely to contlnue, sometlmes J.ntermrt-'
“tently, uritil ea‘rlyIay for an’ averag;e o*’ about flvr- waetce.

The nea.rest statlon for ;u;hl zh temneratu*e records arel aVall
able is a.'t: Hanover, New hampshlre, apnrox:mately 20 mllee nor"chwest ‘o.f.'t"le
conter of the aree bu'b ‘somewhat lower in elevatn.on. Over a oerlod o:E‘ 5C)
years the tempera’cure at Hanover hasg ranged from'a mlnmum of minus L|,O" i
to 4 maximum of 101° F.' The meon annual temoera‘cure 1s }_;3 60 F.' Mea:ﬂ ‘.

mon‘bhly tempera'tures gre shovm in the follovung table.

"TABLE 2. MEAN MONTHLY TEMPERATURES
AT HANOVER, NEW HAMPSHIRE

. .t Mean . 3% "t Mean  :: "t Leen . S
Month s temp. s: Month ¢ temp. :: Month : temp.
b Jane o 17,7 i3 Mey s ‘)LLQ s: Sept. 5 58,8
Feb-o .2 1807 1%, Jun@¢_ H 63-6 12 Qobe- ¢ LI-T L{- 3
Merch : 20.1 :: July : 68,7 :: Nove 2 3445
i A-Pril .8 J—I’QOS ‘5,‘5 i:\.ugo_“ 4 6509 ] Dece - ¢ 21 o7 “r
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24 Preclpltatmon. - a.‘ Mban“

tation at Hewport, New Hamvshlre, for lp years of record from 1929 to 19&5
is 57.70 1nches. ThlS-lS ne only station w1th1n the Sugar Rlver watershed

€ *

with a record of . suff 1olent length to beof ?ualue. A 115’0 ef o’eher sta‘b:.ons
in the v:Lclnlty of' the: wateruned is- shown-on: Plate Nos 13, W:.th‘ilshe correspond-—
ing perlods ;; reoord and the. locatlon of these stanlonﬁ 1s shewn qn Plate
‘No. 12, The mean precipi tatlon end meen snowfall (see‘ subparag;raph o below)
are ;hoﬁn in the following Table 3 for.NewPo_rt _and,’in‘_comp_a.rlson, for Hano=~
vér » which has a rrecqrd_._-n'w.;zch. lgﬂg_ez{ ---tha_n_'e,tjnj;sqt_h@x";,_sfqa.@i;oﬁ;gin_ the region,

TABLE 3. M“AN PRmClPITATION‘AND SNOWFALL AT
NEWFQRT AND HANOVER, NEW H&LFSHIR& S

Station H NE?JPORT, N. He ) T - IIA.NOVER N-o Po

Period of: L : s 108 : : 59-- A
record, : CMean” s Mean isnowfall s Mean . e Mean snowfall
years' s precipitetion,; (umnelted), . preclpltatn.on,:_ (unmelted),

s :Ihches - 2 » Inchreﬁ i Inche' ; 3 'f“"Inches

Jane .2096 | S 16l 5 2,65 . v w 17.1
.FG;D. :I 2_.20‘ : 12.9 : -2'.,29' ;" _Ji,_s.LL__.

- March s 3.52 s 1661 - . 2.62 s _.ll?;..2.2

) Apfil : 3;-37- s ;?07 w3 .60: : 542
Mey  ‘.: “3;11 P OpOﬁf&'  ; ;.3-09f;;.lﬁa ;égQ;é?T
June 3.65- : 0.0 : B.ua-l o '-o—.b._
‘..July v 3.614- : . 0.0 s .5_._.57. . - 0.0 :
.Augus‘b : 3.'22 | . '.Océ E 30’48 S 0.0
Sept. B.M?;{ e _.0'0} ES | 3.?3ﬂ_- : c 0.0
Octe 2.67_“"‘ : 0. . 308 0.2
Nov. : %;éii R 5°Ol P é.éé + ;':7 Hel
Dooo i B8 i 0w 258 i 12,5
TEAR ;3770 66.7 Qﬁ e ,51 : 715

- 2] -

. -infe;ll."'- The mean ennual preeipi~ -
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b, Storms. - Three types ﬁf stormls- are charscteristioc
of this 49.'reé: (1) continental cjclonic disturbances, (£) hurricanes, and

(3) 'hhund(ars“boms.. Continentel storms may be of the ste.'tionali':y .f'réntal

type or rapidly moving intense cyclones. They are ﬁdﬁ:iihited'fé ;ﬁ§ sea -
son of‘month‘but follow -one anbtﬁéf at more ofnlesé-reguiaf-inféfvaié and
with varying intensities throughout the yesrs. This area ‘is'.so":sitdated that

‘ i#,comsstpndér-the*iﬁfIUGncé of most of thé éﬁéidﬁigmdistﬁ;banéés which af-
foot the United: Stabes. -The normsl path of Hurricates is to the south and
gast. of New Englahd, But hurricanes may be deflected over %hi's"ai;;awiﬁ.y”éc.j.n-
tinental cyclonic conditions. They:afe‘hDSt“liEélﬁy%E bééﬂrbddfihé the
sumer and sutumn monthsy -Thunderstorms may be o loce,l orlgln, or they‘
may be of the-frontel type’ assoclated with continéntal storms aurlng the -
sunmer months. A definites comb:.nation of me‘beorologlcal conaltlons is recog-
nized.as belng respen81ble for most of the greaﬁ floodwproduclng storms of
the ee.stern Unlted S‘.bates. Th'ey;are (l) e perslstent h:.gh“pressure aréa”
over the Western Atlant:,c Ooean ; (2) another hlgh-pres;ure oY B OVEY the '
cen‘cral and ':d_érthern interior: of the’ oontihent, 4nd’ (3') a'low-pfessure

trough betwéén these Thighs! inecluding otie’ or moke x':.x-;:ﬁring':centé‘z;éf.ﬂf.y.Tl';‘e

storm of 17 =21. September :19%8; which 'is the ‘mascimumn sf;orm ‘of record in this

general reg:.qnf:,- had these chara-cterlstlc-cdndltlons. Its duration wa.s 98

hours end the maximum everngs ‘depth of retiifall o‘ver"éi‘i’ ores of 2L szgﬁare

v . T . FEIRET
s : o U RS

miles was 1545 inchess 3 -e "

' &. Snowfall, . The fnéan'iﬁéﬁ‘thly,énci" annual snowfalix a:b
Newport and Henover ere shown in Table 3, The maximim snowfell st New.ﬁ;ort
during any winter seeson for the period of record is 89.6 inches in 1939-40.
Prevailing low temperatures during the wintér months usualiy‘pemit armajq'r |

T

.22 -,



portion of the snowfall to remein on the ground watil the spring thaw.
Occasionally, however, a.realtively shorbipériod of melting temperstures.
ocours during, the winter end:causes mipor flood rumoff.: ..

Bo RUNOFR, . -oooo

.. .Records. = Stream geging. reoords have been collected by the.

Ue Se Geologlcal Survey at West: Clwremsnt on tné Sugar Rlver fram October

1928 to dates. Thzs;gaglng,stqﬁ;on;hasﬁafgpalnage.ar@a-of¢?69 S?V%¥e;3¥;93‘
ané is located‘just,downstream;frquRedWaﬁérmB;ogggaf@é@pyﬁg;gggwgptggpegh:!
by mesns of a water-stege redorder,;"This1is,$betbnbngagiﬁgfsﬁgt;pp'bg'ﬂ;.?

the river, Pertinent date from the record of the sbtation aief%hﬁﬁn in the.

following: Table. ha_

TABLE ly. : SUMMARY OF STREAN . GB,GING REGORD' EOR
SUGLR RIVER AT WEST CIAREMONT NEW hMEE’SHIRE
.(Adgustea for storage,in: Sunapee.Lake)

R Runoff in 1nches,f T Mean runof-ﬁvﬁnw' a

Period s Vean 3 Meximuam  t: NADImET f. - ag % of. ralnfall
03 s g
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2. Floods.‘- é. Hlstorlcal £loodss = Through field investiga=

tion and research, blstorlcal know edge of several of the most severe floods
on the Sugar Rlver wa.§ obtalned._ Prior to October 1928 no definiﬁemin7 F
formatlon 1s avallable on, flood heights or dlscharges. Ehé.known;dates'Of
.such floods are-. : ll

. B February 1824 = - . April 1869 . :

February 1839 . ‘ - Dotober 1869
- Jenuary 1841 S . April 1870

April 1843 N - - March 1913

March 1859 T .+ November 1927

b. ' Fldods of record, - The maximum discharge st Fest Clare=

—

mon't dufiﬁg the period "of record-is lthOO cubie feet per :second in March
19%6, -The September 19%8 storm resulted in e peak discharge of 13,100 -
cefesa-at this station: These discharges indicate respective runoff irates-
of 52 and 9 cefess por square mile.,' - Co ST SN

¢. - Frequenoy and magnitudes - The following ‘Table 5, basged

“uponhanﬁanalysis‘of,gwl5ryéarfrecorq-at thpjwesﬁ_31arempnt gaging station,
shows. the numbet, of océesions on which floods of different magnitudes have
been~équaled~or~exceeded:and the;mgximgm{quly;Qisgharge-gf record for each
caléndar months ~The instgntaneousfpeék“disoh&rge for .each occurrence was
dbviously greater than-thegdaiiy average used in preparation of the table,

but’ the data on.instantdneous pesks are.not.readilyiavailable, -



TABLE 5, ‘PLOOD OCCURRENCES - SUGAR RIVER
AT YBST CLARSMONT, NEW HAMPSHIRE
" October 1928 to September 1943 -

T Maximum gaily
st discharge .
2 . c ._f S e

Meximum deily average discharge .

__in thousend oubic. feet per-second - .
L s+ 2 2+ 3 4 ¢+ 5 ¢ &6 s 10
Number of %¥imes oqualed or exceeded in record

Month .
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de Flood characteristicsu.~ ﬁS seen in khe foregoing Table -

5, floods are most likely to occur during the months of March, April, and

Mey vhen melting snow-is a contributing factor, but they may occur in sny

- month of the year. High river stages are likely to preveil for several .. -

weeks during the spring months, and floods at this time of year are accord-

ingly of greater volume for any given peak then those which occur during

a5 a result of summer snd autumn stormss

lFo s
o B1E0 T F I

11:2@50? CEoT
st 20

.. 1250 N v"‘ .

o et

surmer and autumn. Highér peak rates of discharge are more likely to occur

-



e« TWabtershed cheracteristics. - (1) General., - The total

drainﬁge ares of the Sugar River is 27k équare miles, of which 245 are

abo&e the Claremont Dam site. The basin hes & maxinmum length from east to
west of 21 miles-and from north to south of 25 miles. ‘The watershed is
hilly and contains.many Iakes, pbnds, gnd swampy areas, all of vhich tend

to reduce the intensity of flood ruanf. ‘The total ares of lakes and ponds
is _pstimated to be 13.7 squafelmiles, Sunapee Lake, with a sﬁrface area of
6.6 square miles and o drainage ares of L6 squ&re.miles at the outlet, ié

the principal lske and is sufficiently large to nscessitate considering it
separatoly in all wnit hydrograph and design flood studies. Blevaetions

renge from 290 feet at the mouth to over 2700 feet et mountain peaks on

both the northwest snd the southesst borders oflthe watershed, The glope

of the stream is steep, averaging approximstely 29 feet per nile from Sune -
pee‘l&ﬁe to the dém site and 33 feet per mile from the dem site te the mouth .
Except for the town of Claremont below the dam:site snd for Newport aﬁd Suna'=
pee above-it, population is very sparse and seattersd. |

(2) Infiltration rates. = For the second and major

portion of the storm of September 1938, estimotes indicete that the‘inr
filtration fate from 17 to 21 Sepbember was approxim&ﬁely.0;06 inéh'pér f' -
hour. During flood=producing storms in thé winter and épring,‘iﬁfiltréfidh'
ia oonsidered negligible. For desigq studégg.ﬁflﬁ;ximum sﬁmﬁer'and autﬁmh”:
storms, 0,05 inch per hour is conside:éd_fhe ma;ﬁnﬁm sefe rate to aliow.fof
infiltration, . | o | .

C. : AREA AND. CAPACITY OF RESERVOIR.

Arsa and capacity curves were determined by plenimetering the con~
tours on o map.prepared from en scerisl survey. Ten-foot econtours were used

on.a scalequ 510 feet to ﬁhe inch. The resuliing curves are shown on Plate

w26 -



_No:"fﬁg The oapaolty data in ﬁabul&r form Eolléw in. Table 6.

TABLE 6. G&EACITY OF CLARmMONT RESERVOIR

Elev&tlon, 3 Canaclty, s. Elevatlon,. Capaclty,
- feet it acre—feet ki fset_',,: acre-feet

(2R

C T

"0

1 !
T 1 P

530 . 100 ﬁ;;a__“600~ 110900

sho s+ 1200, sz . 610

-l

. 52300
elroo
. 78300,

550 .+ 3500 g 620

e

560. .1 TIO an 6
570 s 13800 s . 6ho ¢

o
. T

98900,

Tos
e

_ 580 . 3 . 21600 sz e
(Tp,f_ CGMPUTED SPILLMAY FIO0D.

i
R

_l,_ Maxlmum possible ra;nfall- - a.b Ganeral. - The oomputed
splllway flood, 85 deflned in Englneer Bulletln R & H Nb.9, 1938 1s "the .
;flpodygomputedhby,gﬁanﬁ_of;the_fgracast,worst,storm, the highest ruoff

factors end the worst runoff-produoing combinations for the drainage area

in questioﬁ"' The maxlmum possmble preclpltatlon as recorded in Hydro-

e

metsorological Report Nos, - l was adopted as the ba31s for the foreoast wqrst@
' storms, it:being_stqted in the Report thet thqge_data‘arg;gppl;qablpﬁtp}ﬁha;

anpégticgf River Basin abové.Nprthampﬁpn? Magsachusetts. Both ﬁhe‘max%qgg 
| posgibla_;ainﬂéll,for summer and subumn end the maximum possible reinfell
p;qg snow melt iﬁrwinﬁer and spring were studied .to.determine which condi-,
tion might produce the maximum rote of £1ood aisbharge. Tt wes fownd that .
the high rates of rainfall possible only durlng the summer and autumm/would
produce 8 higher rate of flood dlscharge than the more moderate w1nter and
spring ralns comolned w1th snow melﬁ even though the volume of runoff for;u

the,w;nﬁer and §prlng,cppd;t$qas,%§;greaterm {Ehe;reqp;xgmsntS»Qf "highest . .

s

gy



runoff facto;s.aﬁé worst runoff-proaucing combingtions" were met by allow-
ing a meximum infiitratioﬁ réée of 0.05 inch pér houf during the summer

‘and ;utﬁmn-éhd'np infiltratibn during the winter and spring. Also the

| preéipiﬁétién ﬁas'drranéed.aécording to-the‘storm'patﬁern whicﬁ would pro-
.duce the maximum rate of - runoff, ylz., with the meximum inten51tles cceur=
ring near the mlddle of - the storm perlod. Studles of storm ralnfall in New
Englend have shown that such a storm pattern is likely to occur in this area.

b. Sumer end sutumn. - The maximum possible reinfall in L8

——

hours, as interpolated from Tgble VIII, page 8h.of Hydrometeorological Re-
port Noe l, is- 16 6 inches ‘for a drainege arge of 2h5 square mlles and 16.9
inches for 199 square miless For determ;nlng.runoff_at:§h§;clarepon§ Dam
site, the worstlgonditipns.of_fainfall occur ifom the Qorggggt wqyst.storm
of 1649 inches in L8 hours over the net drainage aree Qf,l99,square;miles
(excludlng Sunapee Teke and hereinafter referred to-only as “+the- net«dralnm
age area), and a‘synchr;nous storm over the Sune.pes Lake &ralﬂage areh 0£

vy

hé square mlles, such that the total réinfall is equal to-the forecast worst
Kl A . t .
storm of 16 6 1nches in- h8 hours for the gross dralnaée oares, of 2&5 square

mlles. The forecast worst storms for net and £ross draln&ge areas ond the
resultlng forecast worst storm for the Sunapee Lake dralnage ired are shown

in Table 7. Deduction of 1nf11tratlon gt O 05 1nch per hour glves o maxi= |

mam. p0531ble ralnf&ll-excess of 1&.7 inches in 36 hours.

- 28 -
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. TABLES T -

FORECAST WORST STORM WITHOUT SNOW::

- (Infiltration sstimated at 0,05-inch per hour) =

) : Net Do Ao - 22 Sunapee D. A. 13 Total D A
“6=hour it (199 sqf”mi.)- ¥ (L6 semie) i de - v (285 8qe mite) o
periodss Precipi-: Runoff, i Preqlpl-- Rinoff, ss Precipiws Runoff,
© iy bptiony 4 ilches” v tebion, s inches. . s, totiony <4’ dinches
+ inches s 33 inches 12 inches - @ o

@ =~ 0w, W TR e T

foam

-

PN

0410

0.25

2,00

9,10

Q00 ¢
0400

s
B

- :;;de:w

..
*e

-
R

0.t
0,35
2,00

7450

T e

q;;o

.25

-'7'12 00

[
»

_'6 00

: ‘70>.1.

| ”8 50:":;1”“°

0,00

s 8.80 Py 3 ?.20 23 8?80 :
R "
s 140s 0805 1.0 & 080 'imidlg :” 0 80“‘7“l
. o;ésigw.'.d;oojgs 025 ¢ 0.0 :: o 25 . '.ooﬂA“”h””
P .:leb H C.bd.iz OelQ $ OodOT | 010 ;T_ .OO-H'
TOTALS :  16,90's 15,00 g2 15230 ¢ 13,40 a2 . 16,60 & 14,70 - v in
oo Wintéri%ﬁd spriﬁg. - The ma. X imum poﬁéible'rainfall plﬁsf

‘snow melt in hBIhours, as .interpolated.

meteorologlcal Report Nos 1

from Table VII, page 80 o£ Hydro~

Ly s 25 3.inches’ for & dralnage grea.. of 2h5. -

square miles and 2.3 inches for 199 square"mlles,- For determlnlng ram~

of f iat the Claremont Dem site, an analysis of the worst conditions:of

' rginfall and snow melt wes made as describ6¢ in subparegraph b. .Forecast

worst storms for winter and spring ere shown in.Table 8 of this gnalyéiéa

Thé'rainfall-excess is équal to the sum of rainfall and snow melt, or 23,3

inches in L8 hours.

: -

o

(L]



TABLE 8., FORECAST WORST STORM WITH SNOW- RELFASE
- (o infiltration assumed)

o [

6-hou}-':'.Nét D. ,A,. ': Sunapée.D. A.: Total D+ A
periods s_(199 sge mis) s (46 sde mi.) 5 (245 sq. mis)
© 73 ‘Runoff,. z Runeff,. ¢ . . Runofl,
L 2 _inches : inches 3 inches
1 2.0 16 5 . 1.8
2 2y s 1.9 ¢+ . 2.3
3 1 33 s 26 1, 34
Lo C 59 s L s 5.7
5 39 s 3l 3.8
6 2.6 . S 2 : 2.6
7 K 242 zl | 1.7. s 2.2 |
8 s+ 2.0 1;5 ! 1.8
i Totals s oL 19.1 = 23,3

- Unlt hydrographs. = The wit hydrographs adopted for der1v1ng

the computed splllway'flood are those approved bv-the 0ffice, Chief of
Engineers (Subject: Hydrology report -‘Claremont Dam, 3rd Ind.; 17 Janu~-
ary 1941), and are Shpwﬁ in the fdllowing Teble 9 and.plotted or Plate

To. 15-
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3+ Computed spillway flood hydrographes - The natural computed

spillway flood at the dam site we.s determined by adding the routed outflow of
the flood at Sunapeé Lake to-the.flood'evaluaﬁeqibyfgpplyi@g}ﬁhéradepted
unitlhydrograph for the net drainage area to the ﬂoxecagtAworst.Storm for
that area (see‘fables 7 end 9), and edding a base flow of 400 c.f.ss ' The -
Sunapee.fbuté@foutflow_results from the £lood evaluated by applying the
adeopted unif hydrograph for'thg Sunapee. drainage ares to the forecast worst
sto?ﬁ for-that area, and routed through the surcharge storage above the maxi-
mum operafinglstage of Suﬁapee laeke, and through the natural velley.storage
between Sunapée Lake and the dam site. ‘The resulting flood at the-.dam site
is shown in the following Table 10 snd plotted on Plate Nos.16..

TABLE 10.. COMPUTED SPILLWAY FIOOD
AT CLAREMONT DAM SITE

_Timeg ~¢ Discharge, ss Time, ¢ Discharge, z¢ Time, s Discharge,

‘ hour§~'g _ c.f,s._ £2 hours Celese .::_hours Csf 0S4

fO ',‘= '-‘_hoo s b5 s 27670 s 90 ¢ - 6220

3 3 Tho 4 L8 2&590 12 93 4 5510

l SN 1590 :+ 51 & . 21910 s 96 ¢ - LSO

.._éf 3 Looo  :s . Bl s 20020 s 99 e -L230
}é_‘ ;12090 :: 57 18180 :; 102 .z 3690 ¢

15' : 22650 s 60 4 16600  :; 105.. 3 3140

18 t 37900 s 63 1 15180° 2: 108 2730

21 53230 33 b6 13860  3: 111 ¢ © - 2220°

2 ¢ 615MO fes 69 pn 126700 s o 1Mhatt 20804
27 Q 63930 53 72 . 11550  s2. 117, 1890+
30 s 59700  :: 75 10500 :: 120 .5 1820
33 s 52950 13 78 ¢ 9520  :: 123 1750

36 ¢ L5090- s Bl 8500 21 126 5 ivoo

39 4 37620 g5 8h s 7710 52 ;

L2 : 32050 52 : :

. 87 6920 23
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o

' B. SPILLWAY DESIGN FIOOD.

1. h‘ééﬁeral' « The splllway d631gn flood is a flood. hav1ng the

same volume as the computed splllway flood but a- pesk: rate -of . dlscharge 507
greater. This percentage_represents-a faotor of safstygthh_respegt‘tq.rate
of discharge to cover ary rate greater’ ther taet of the ocompubed spillway .

£lood whioh could. pobsibly Fewilt from wow-miform distribution of the maxi-
‘:fgﬁm f&iﬁfall’on %he'watersﬁéﬁi. To: computé the: spillway, design'flood at the

.dam s1te, the same ralnfall—excess is wsed'as for. the. cemputed splllway

&flood, viz., a7 1nches in® 56 hours-plus the same-base. flow of. LOO- cefese
The method, of'GOmpdtation differsrframdﬁhat used for the eomputed spillway
flood, however, in that & d:stoe%ed 6~hour unit hydrograph or distribution
Tgraph is applled to -the two maximum 6-hour perlods of ralnfall-excess.'
" This dlstorted unlt hydragraph represents B disﬁflbut;?n of runoff at the
dam site thet mlght occur if one inch -of ralnfal¢-eXGess werg concentré;ed
over the widest portlon ‘of - the watershed,. Its:shape * ‘is determlned by peak-
ing the normal ‘6-hour whit hydrOgraph sufficiently to make the peak rate

of dlscharge of the spillway d631gn flood 50% greatsr than for the com=

puted spillway flood.,

2o Peaked unitLh¥drographs. - Thelpeaked unit‘hydrogr&phs
 adopted for deriving thé spillwaygdesign;flood~are-those approved by the
0ffice, Chief "of Eﬁgineers (subjects - Hydrology report ~ Chgremont Dam,
3rd Ind., 17 Janwary 2941), and are shown in the following Table 11 and

plotted on Plate No. 15, - . ol ) )
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TABLE 11. ' PEAKED UNIT HYDROGRAPHS

Net D. b+ :  Sunapee . 2¢- . .- -t NEC Da-Boe--

SF AeL : - .Sunapee
"Tine, 3 (299.sqe mis)s (UE sq. mis)s: Time, (199 g, mias)s (L6 s8q. mise)
- ~hours 4+ discharge; : -discharge, :: hours.: discharge,.'': discharge,
: c.f._s., 3 Vc..f-.‘sx. B c.f.s._,__ : ol aSe
0 O s L0 zx %6 s 1080 ¢ 190
3 . 850  : 920 sz 39 s 930 160
6 . 2Loo 3 2130 1 _hé : 780 & 1ho
9 & . 5550 : 2050 3p L5 e 620, s 120
12 . 8200 . 1000 . ¢ ’bBL‘: 520 s 90
15 4, 6650 .. ¢ 700 s 5i : Lo s 60
18 . s Liso : 5ho s: BL s 310 \_} Lo
21 1. 2980 : L50. ¢ 57 s 200 . 20
e 4. 2290 ¢ 370 s 60 & ;eo:t : 0
27 ». 1850 ¢ . 300 i 63+ 70
30 1520 : 250 12 66 & | 0
33 . s 't 220 13 s :

1300

co e % g Spddlway design Tlood hydrograph.. = The.natursl spillway. -
‘design £100d at the dem sité has a peak dischargs of 92,000 ¢.f.s. The
'dischirge rates aré shown in the following Table 12 ahd are plotted on’

Plate No, 16.
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) EABLE 12, SPILLWAY DLSIGN‘FLOOD
i AT CIARLMONT Dxm SITE
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Le Investlgatlon of wmter stom, -4 na,tural splllway design .

flood for the forecast_worst storm with snow cover was 51m11agyy{qpmpqted¢,_"

from the runoff given in Table 8. The maximum spillway discharge result-
ing from this flood is less than that'fér the spillwey design flood com~
putednfrom the forecast worst storm without snow, 'dbnsequently, the floed
deterﬁined from the summer storm governs the determination of the sizé of
spillway,

F. OUTLET DESIGN FLOOD.

1. | General, = The oublet design flood is a hypothetical flood

.; 35 -
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grester than aﬁy of record byt of probable though very rare occurrsnce, A
- rainfall=excess of 9.08 inches on 199 square_mi}es, Qr_9°00 inches on

245 square miles, in 60 hdqré_was adopfedAas'thé'bQSis for computing the
outleb.design flood. A storm ﬁafferq ha&iﬁg mé#ﬁﬁﬁﬁ iﬁféﬁsify at the
middle of the storm period was assumed. Tﬁe fi;oﬁ has“g ﬁfobable fre; 0
guenocy of.lOO years, based upon volume frequency studies for the Connéoti-
cut River Basin.: |

2. Outlet désign flood hydrograph. = Use of the average rain-

fall byJé-hour periods and the adopted é-hour unit hydrographs, described-_
in connection with‘thelcomputed spillway flcod, plus a base flow of 2.
cef'e5+ per square mile produced the hydrograph of ths outlet design flood
at the dam: site, shown on Plate No. 16. The peak rate of discharge is

26,200 cuf o5

(8eq .Page 37 for Table 13)
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. TABLE-13.. GUTLET DESIGN FIOOD —

AT CIAREMONT DAM SITE © - ¢ 7"
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VG.‘_ EALLEY STORAGE
| 1. Generai;r;rvalle&'éﬁé;;gehié ééﬁiﬁ;a.égwtﬁé'volgme of
naturéirétofage.éccﬁpied by a streamxfiowing_in its na#ural channel, in-=
cludiﬁg both the ﬁormal channel and‘the overb§nk or flood chennel. That
vart of the ﬁétu#al storage which is above ﬁhg low-water surfece of the
stream is effettive in regulating the flow,Jbeingﬁa;ter@afgly filled and
drained by the rising and falling stageslqg'the stfegm. For any reach

of a S£ream, thié efféctive valley storage}ggt§.?e;y:muqh ;ike regervoir
Storage. It stores water as the stage rises,.ﬁhué‘;educing the rates. of
outfibﬁ from the reach ﬁeiow‘the rates_of inflowr:.CQnYersgly, it relsases
ﬁatef as the stagé'félls, fhereby increasiﬂg_thelrgtes'of ougflqw‘above;_
thé‘§a£éé'qf‘ihf1§w;

2+  Computation ofﬂeffeétive valley storage., - Effective valley .

storage within the reéerfpir bagin:was computgd forrvariqus_rates of dis~ .
éhafgé‘at the dam site up to that of the spillway‘dgéign flood. Thisﬁmas¥
g;cbhpliShe@ by qétgrminipg the surfsce profile for each rate of discharge,
a#&lcbﬁputing tﬁe‘volume unéér each profile by—the end-arsa method. fhe'
profile of the Mey 1940 flood was drawn from highfwatqr_marks; and profiles.
for tﬁfee design floods were detexmingd‘by.me&ns gf_the'tailwater reting
curve and approximete rating curves constructed at several points by back=-
Wafefi%%hdiest:_Thg fidpds ggq@_yere the outlet design flood, the compubed
spiilw§y1flood, and tPg spillway design floods The results ére expressed
on Plate ﬁﬁ. 17 in_d form suitable for use iniflood routing, Valley stor-
age i$ plotted agéi@ét"elevatiOn for sach of the flood'préfiles,investigated.
The toéal valley storage below spillway crest is plotted against‘discharge

at the dem site on Plate No. 18 for use in reverse-routing as stated below.

-



%4 Use of wvalley storage in flood routlng. - The effebﬁive

a1

_storage capacity of & reservoir to i & waters of any given f£lood .

: floodéLtﬁfoﬁgh thé reséfﬁ6if%§:ﬁlley storage as %afen iﬁ#qféb@ountfby

ane of two methods a8 follaw&- R;hJ . | o A
gﬁ - For routing the Outlet des;gn flood or othér floods S : .

_th&t w111 utlllze only the storage below the spallway crest it was found

most convenlent and aGOUrate to route the flood ”at the dam 51ta“ through

net reservoir storage, obtalned by deductlng the valley storage curve from

Kthe capa01ty curve., The condltlon 13 ‘then a8 1f two reserv01rs were Inl

serles, the upper contalnlng anLy tbe valley storags and the lower contain=-

1ng Unly the nob reservozr storage. The flood hydrograph “at ths Som site" L

represents the flood &s it would pass from the upper;; £o therlower resers=
voir., Thls method truly represents the oondltlans that prevall when. a

flood is routed through & reservoir which is enpty et the beginning of the
: fiood.

—-——

be For routlng the splllway des;gn flood through surcharge

Oy

storage, the method found mﬁst &ccurate 13 to reverse-route the d931gn _

.flood "2t the dam sitel through valley storage below the spillway crest .-

@

and to route the recultlng inflow .flood th rough net surcharge storage.

H.  SPILLWAY HYDRAULIGS. .

. T Crlterna for splllwav d351gn. - Thu spillway must be adequa&e

S -




to pass the spillway design flood with no possibility of'o;ertgfping the
dam wnder the following conditions: | | |

a2+ The reservoir filied to spillway crest éﬁlthe‘begihning
of the spillway design f}ood.

b. The outleé gates closed at the beginning‘ofithé spillway

design flood and remeining closed for its entire durpvion.
¢e The meximum possible wind and wave action concurrent

with the maximum spillwey discharge.

2s Spillway discharge coefficients ~ The spillway for‘thé-Clare-

mont Dam will be & concrete overflow type with an ogee-shaped crest designed:

to fit the underside of the nappe when the splllway is operating at e K imum

design surcharge and with a coefficlent of discharge of 3.90. Discharge

over the spillway was computed by means of the formula

Q= o2
in which Q = discharge in cubic feet per seéond,
C = coefficient of disoharge;
L = length of spiliway crest in feetb,
: : '. H = heacd on spillway crest in feet.

b

The head is measured to the surface elevation of the pool end therefore
includes ‘consideration of the velocity of approsch. The economié‘ﬁdkimum'
sufchafge was débermined {sce subparagraph h) %o be.15'féet; For heads
less than.iB feet the coefficient éf aiéchirgéwﬁ;s'reduced'ﬁy ratics, pub~
lished by recognized authoritieslfrog‘ﬁféblﬁo g_miﬁimﬁﬁ?éf 3;09 at éefo
head. The rating curve for the adopted‘spillway.aﬁa fhe curve showing
voriations in the coefficlent of dischgrge afe éhown on Piﬁte ﬁo. 19,

%+ Determination of inflow flood. ~ As sbated in Paragroph

-;Llo..




GBb ‘t,he splllway des;gn flooct "a"t: the da.m S:Lte" w5 reverse-routed Lhroug;h \

total vallmy storage below SplllW&J crest in order to obtaln tne hydrograph

Hrepresentlng the 1nflow of the splllway d851gn flood %o a full reservoirs

§

The inflow flood has a peak dlscharge of 92,500 o.f.s. and 1s plotued on -

ts

Plate No . 16 .

RIS Surchar5e~1ength and dlsoharge—length relatlon - The spill-

.,‘,.'

waf desmgn 1nflow flood was roufed tnrough neﬁ suTﬁhaf&e storage for various
"lengths of splllway to determlne the maxlmum surcharge and dlscharge correge
pondlng to eaoh length. The results are plotted on Plate No, 20. Cost
studles and phy31cal oon51derat10ns resulted in the oetermlnatlan of 15
feet to be the economic meximum suroharge. The surcharge sto age; for a
surcharge'of-lé‘feet, is 22,200 aére-feat, equivalent“to l;? inches of
runoff from thé;érbsécdraiﬁgéézgfééa Hoad loss due to frlctlon in the ap-
prosch channel at ﬁaxiﬁﬁﬁ:sﬁréﬁargé wWa.s computed at 0,13 foot. A surcharge
of 1&.85 feét was found to result froﬁ g crest 1ength 6f 395 feoet, and this
length was adopbted for the final design. - | o

5; Freeboard. - Freeboard 1s deflned as the dlfforonce in eleva—
tion between the meximum surcharge elevatlon and the top of the dema I+s
functlon is to av01d anv possxblllty of the demt being overtopned by'wxnd
or'wave action when the splllmay is operatlng at meximum surcharge. No
.allowance is msde for frost actlon, since the’ splllway des1gn flood can

be’ expected only durlng the l&te sprlng, summsr, or auuumn months.

—

aa Max1mum wave helght.'— Maxlmum.wave helgnt was esti-

mated %o be 3.5 foet by the formula

0.7 \ﬁr’r'+2f5-\z\%—

vertlcal wuve h@lahf in feet

h

l!'

in whibh h

w1nd veloclty, taken ag 60 mlles per hour,

‘ll.

Vv

1

F fetch, taken as % miles,

I
, -

o

113

&



be Ridewup. = Wave height plus rideeup was computed as
1. times the wave height alone or L.8% feet,
ce SBet=-up, = Wind setwup was computed to be 0433 foot by

the formula

g8 = VaF cos A
BOOD

in which 8 = seb~up in feet,
V & F = seme as for,wave height,
b = mean depth of water, taken as 115 feet,
A = angle between wind and fetch, taken as zero.

ds Selected fresboard. ~ The reservoir will extend south-

east from the dem, while the prevailing winds are from the northwest and
wsste Therefore, maximum wave heights and wind set=up are less 1ikely to
occur at Claremont Dam then gt 8 dam whers the meximum fetch toward the
dam péraliels fhe direction of prevailing winds. The allowence for wind
set=up wes thorefore congidered negligible, and the adopted freeboard
above maximum surcharge is equal to 5,0 feet,

T. OUTIET HYDRAULICS o

Lo Criterie for outlet design. = The capacity of the outlet

must be adequate o rermlt the following operatlons-

B Partial release of the runoff from the outlet d651gn
' flood in such mammer as to obtain the greatest flood’ reduction at downstream.
gdame.ge centers by utlllzing a1l the storage but not penmlttlng thae pool ele-‘ 
vation to exceod the splllway crest,

E: Passing minor floods which do not producé dﬁﬁaée; ﬁith-
out utilizing more than & minor portion of the storage capaoity ofrfhe res-

ervoir.,

- ﬁ2 v



c. Passing tho streamflow durlng oonstruotlon, up to & “

size of flood. hav1ng an average recurrenoe 1nterval of. 10 years for the

"

comstruction season, without permitting the pool elevatlon uo rise above o

(4]

a level which can be practloably and ecOﬁOﬂlOallj prov;ded for during con= . -
~struction. . L . =

.2. Retardlng basin dlsch&rge. = If an outlet has just sufficient

capaclty to pass ‘the outlet deslgn £lo0d with the maximnm pool elevation at
the spil}way crest, the: discharge oapacity at-crest_eieyatiog is defined as
the retarding besin discherge. It iS‘détéfmiﬁéd.gy £fial routing of the
outlet design flood "at_the_dﬁm-siﬁé“ through net. reservoir. storage and -
various assuned outlet cahacities untilgthé-capacityriggfogﬁd which will
Just produce a maximum pool élevatiqn et the spillwey eresta. Thefrétafﬁé1nr
ing ?asin discharge‘as computed by this method for Claremont Dam. is oqual
to 5,600 cubic feet per seconds °

3 'Desighzdi§chgrge. r'The-retarding:basin_disoharge'multiplied

by o flexibility factor'gifes.the design discharges: Ehe'putlgtjwili'conﬁ SR
sist of a 1l6~foot tunnel contfoiledlb&“threé'é-foot'by-lé#fodﬁ‘gétes._ The
discharge capacity of‘such.dn outlet with the pool at spillway .crest eleva~
tion is 10,200-cubi?.feét per seooﬁd.ﬁlThe flexibility factor for the outw
let. 1s therefore equ&l to 1.8. Thls arrangement of gotes - satlsfles the
condition that the outlet must be. capable of relea31ng 80 perocent of ‘the -
design dlscharge with one gate closed. The outlat capacity w1th.qnly two . -
gates gpenat;ng and the pool at splllwgyacrest élevation will be 9L0OO 6u5ic' | 5
feet pér second. |

- he Control of the outlet design flood, - ae TWith-all gates open, - =

- the 16~foot tunnel will pass the outlet design flood with a meximum pool - o

fth'"-



elevation of 616;2_feet and.a me. cimunn diéchdfé@ rate of G470 c.f.se This

flow is in excess of-the safe channel capaéify through the towm of Clate=

mont. By regulatinghﬁhé gateéuéo vernit é‘méximum diéchafge of 9000 cefsse,

thereﬁy'incurriﬁg dnly very miﬁor‘damage.in Ci&remoﬁt;'thé oublet -design -

flood can be passed with a maximuﬁ pool‘elévﬁti§n'of;616.7 feet. TUrder

these conditions, the time ééquired to drainlfhe pobl-after'thewbccurréncel

of the peak inflow rate will be 7.5 days. ) -
b. With one gate remaining closed, the tunnel will pass |

the outlet design f£lood with a maximum pool elevation of 618,8 feet and a

maximum discharge rate of 8730 c.f.s., The pool cem be drained in 8,25

days after the occurrence of the peak rate of inflow,
8. By reguleting the gates to permit -a maximus discharge

of 9000 c.f.s5. two outlet design floods, with thair inflow peaks spaced

eight days apart, can be passed with maximum pool elevations of 61647 feet

for the first flood and 613,7 feet for the second flood., The time reguired

to drain the pool will be 7.75 days ofter the inflow peak of the second

flood. "

De . Stream diversion during construction, - The flood of May

19327 had & magnitude corresponding to an sverage recurrence inbterval of

ten yeers for the period May to October inclusive, and was fherefore adopted
as a construction flocd. The outlet selected for Claremont Dam would have
passed this flood with a maximum pool clevation of 550 feel, or 25 feet
above the sill of the gates. The peak rate of inflow of the construction
flood is 5200 cubic feet per second; and the maximuwn discherge through the
outlet would be 3650 cubic feet per second. The resulting tailwater eleva-
tion, det?rmined as described in-the following subparagraph, would be 528.7

feet above mean sea level,

w bl -
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6. Tailwater rating curve. - The tailwater rating curve has

_beqp_de#elgped for a point approximataly_BOb feet below thenégpterkl@ne
.of the dam. The low-water range we.s determined.by_compar;son of:stage
relatlons at the dam.51te w1th those at the ﬂest claremont gaging statlon

for the perlod of the September 1958 flood. .The. hlghﬁwater SUrve wa.s ob-_

talned by'means of backwater computatlons based upon measured valley crOSs '

sections. The curves are shqwn on Plate To, 2l

TR
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VI. IABORATORY AND FIELD INVESTIGATIONS OF SOILS

FOR EMBANKMENT AND FOUHDATIONS



VI.  IABORATORY AND FIEID INVESTIGATION§ OF SOIES
FOR ENMPANEMENT AND FCUNDATIONS

4, . SCOPE, - Soils from excavations and borrow areas for embankment
construction are covered in this sectione Major‘SOils'probimeat this

site concerns a deposit of soft varved silt in valley foundation which is

" discussed in detail in Appendix A, entitled "Foundation Treatment with

Prain Wells and Relief Well", For conbinuity bulk of soil properties of
* foundation silt are covered in Appendix A in conjunction with anaelysis of

ﬁhe problem and are only briefly mentioned in this section,

B. ~ CIASSIPICATION OF MATERIALS,

ls * The ?rovidence District has adbpted a convenient sygtem of
soii'élassification having étandardizéd terms. In this classification,_
soils are described by name plus & grain-size number which latter is a
' function of position end shépe of grain-size curve. Grain-size numbers
are divided into 16 classes as shown grephically on Plate No, 20 ané desw
eribed in Table 1,

2. The particular features of this system are: (1) it recoge
nizes thet accumilations of sédiménts‘iﬁ:naﬁure.maylbemeither'slight mixe-

tures of various grain sizes relatively uniform in this respect, of interw-

ffords & means of rapidxy'estimating
relative permeabilities, (3) it aids in sShowing more sécurately the dis-
tribution and geologic relations of the overburden, especially of those
portions composed of non-uniformly. greded materisls,.and.(L) it conmtributes
to a more reliable classification of soils in the field pinr to labora-~
tory confirmation,

%s  Even numbers are used to designate materials of uniform




texturs, 04d numbers d6signits naterials.of. variable teiture, The sizes

for gravel, sand, 511t .and clay. are the same as. those 1n the M.I.T, 6lassifi~

catzon wlth the s1ngle exoeptlon that 31ze demarcatlon between fine silt

and conrse clay is notirigidly held a%, O, 002 mm. but is allowed to vany
from 0.006 mm. to 0.0006 mm -This. fle&xblllty is 1ntroduced in recognltlon
of tho fact that’ naturél deposatlons of flne textursd sodlmnnts, suoh as
glacial 511t (rock floGr) behave dlffarontly from clays despite szmllarlty
of gra1n~31ze distribution. . - e e l
Le In compilatlon of goologlc soctlons for study pﬁrposes,'

grain=size numbers oftenare used alone as an abbrevmated notatlon in sube
stitution for a moré complete descraptlon of the 3011 as recorded in logs
of the explordtibnéa Subseript Lk - follcwing B gralnwé;ée‘number indi-
:éatég vi;ual elassification,  -Use of doublo class number as. (h—Q) 1nd1-
ﬂoatcs that the coarscr. part of the gr°1n-81zo curve lles in Class u range
-and the finer lies in:the Class 2 Tenge - in thls case a very unlform
Esand. In contrast Class. 2«h represenﬁs 8 mncn nore varlably.graded ‘sand,
"In using’ double class numbers, even gumbgrs arc ﬁeversused in comblnatlonr
ﬁifh ©0dd numbers, | |

C. GRAIN-SIZE ANALYSIS, - Grain-siza curves of samples were obw

tained by moans of sieve and hydrometer analysos. Tho matorlals were
carefully ola851flcd ‘and their occurrence in the dam foundatlon is sh@wn
on Plate No., 23, Typical gradation curves of soils proposed for the

various ombenkment types arc shown on Plote No. 2h.

D. WATER CONTENT AND VOID RATIO,
1, Water contents and void ratios were detéﬁﬁined on 2-inch,

3-inch, and Seinch undisturbed éylinder.samples of interstratificd silt

-7 -
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WAR DEPARTMENT TABLE 4 GORPS OF ENGINEERS, U. S. ARMY

PROVIDENCE DISTRICT SOIL CLASSIFICATION

CLASS DESCRIPTION OF MATERIAL

| Graded from Gravel to Codarse Sand.- Contains little medium
sand.

2 Coarse to Medium Sand.—~ Contains little gravel and fine sand.

3 Graded from Grave! to Medium Sand. ~ Contains little fine sand.

4 Medium to Fine Sand.— Contains little coarse sand and coarse
silt.

5 Graded from Gravel to Fine Sand.— Contains little coarse
siH.

6 Fine Sand to Coarse Silt. — Contains little medium sand and
medium silt.

7 Graded from Gravel to Goarse Silt.— Contains little medium silt.

8 Coarse to Medium Silt. — Contains little fine sand and fine silt.

9 Graded from Gravel to Medium Silt. — Contains little fine siit.

10 Medium to Fine Silt. — Gontains little coarse silt and coarse

clay. Possesses behavior characteristics of silt.

10C Medium Silt to Coarse Giay, — Contains little coorse silt ond
medium c¢lay. Possesses behavior characteristics of clay.

n Graded from Gravel or Coarse Sond to Fine Siit.— Contains
little cooarse clay. ‘

12 Fine Silt to Clay,— Contains little medium silt and fine clay
(colloids). Possesses behavior characteristics of siit,

12 G Clay.— Contains little silt. Possesses behavior characteristics of
cloy. '

13 Graded from Coarse Sand to_ Clay.— Contains little fine clay
{(colloids). Possesses behavior characteristics of silt.

3¢ Clay.— Graded from sand to fine clay (colloids). Possesses
behavior characteristics of ciay.

ENGINEERING DIVISION —SOILS LABORATORY V PROVIDENCE, R.L
-48-




6ccurring in valley.foundation_of dgmf LEypigal resu;ts“are shown on -
“Plate No. 25, -

2. Water coﬁtents and void ratmoshgﬁ;e”;iso dgégfrlnod for
the glacial till -in right abutment, Borrcw nrcﬁ "B"_ﬁ ThlS tlll was'wtd
sampled by driving a 2—1/2 inch I.D. spoon, whlch ofton.ylclds samplos o
of reasonable natural veid ratio in cohesive matcrlals. The bcst of r
these soil cores wero parafflncd in the flold ta ma;ntaln m01sturo con-
tent, and tested in the District L&boratory for.v01& ratlé and wator G O
tent. Although such paraffincd cores are not true undlsturbed samples,
they arc believed to give rcasonale close approx1matlon;.t$ gﬁtural con-,
ditions, and are sc quoted in logs of the holocs, Typlcal rcsults arce showm
on Plate No. 23, K
B, COMPACTION,

:1}. Many oom?actlon tosts wore run om ropreswntutlve samples
of sozlslproposcd for ombankment use, For impervious matcrials, an im-
poet tost we.s used, the standard Proctor bbmpdction Tost, Typical com-
paction'aurvéé are shcﬁé 6n‘P1dtcé Nos, 26 ard 27, wnd compaction propor-
ties of boréd@ materials are summarized in Tablo 15 (Pago 51), entitled
| "éﬁpmarf éf:Matérials'Avaii&%io and-Required®, «

o Q;M For cohééionlééé ﬁat#fialé”o‘valuc tormed feasible maximum
dcn51ty, wo.s dotormlnod by neans. of ‘tho “Providonce Vlbratcd Donslty Test
in which a vertiocal load of 800 pounds is malntaincd by 1% cwllbrated
sp;ang on o sample in a 6-inch dlametor-cyllnder,‘ang cogpactlon obtained
by‘mcéns‘of Qiﬁfaﬁingléide of cylinder with a hammor (60 .~ lOQ_blgys) wntil
furtﬁer éogﬁﬁcfion ié negligiblé:”-Thq advantege of this tost is that with

_coheosionless metorials it produces cempncbion results more reasonably equal

- L9 -




to those easilykobfaineA-in fﬁe;fiéid. Fuffﬁé%"édvantages of this type
of t§st are that ;t does not break down ﬁpil grains os- occcurs: from an ime
pact typo test and it is perfofm;d mofcigﬁi@kiyfthan{théﬁimpact.type§ Ro-
sults of compaction tosts are suﬁﬁarizo& on Tab165153’entitled‘"Summanm;of
¥otorials Available énd Réquired" | _

Fe Tho Provxdenco Dlstrlct ho.s found’ it des;rablc to compube
degroc of oompactlon of perV1ous 50113 (sands and gravelsﬁ A4n’ rclatlonsto
moximum ond minimum densities,of.thesé,soils;_'Degréé qf_bompactiogfig?ex—:

pressed as WDensity Ratio", which is defined as followss '

. Derisity Ratio = Dy = On = dp
| leOv'do L
lfWhefe dp = dry den81ty, pcf, in natural ground -

coeho

or in the cmbankment

1

dry density, pef, loosest state from

%

laboratbry:test for mimimum de;;itj,
placéé dﬁ} | :-
dy0v = 4T, déhéity;.pcf;:aéhse;t éta?éjé;&ﬁ -
o8 : Providence Vibrated Densiﬁy fesé
$hus,_for &y = 110 pef, dy = 100 pef, .dlbo 120 pef, Dens1ty Ratlo =
D, ="0,50. On basls of poroentage of compwoted test don31ty, thls cofres—

| ponas'to"-%%%_:x 100 = 92% COmpaction:for-thls partlcular examples

¥,  PERVEABILITY.

i; Pormcablllty tests were run on remolded samples u31ng dom
-Tldi¥édaﬁﬁtér. ’Results on pervious matorlals are exprossod as pormeablllty—
vomd rutlo curves, -Results on rompldcd 1mporV1ous materlals have gonerally
boen cxpressed 88 pﬂrmoabjlltlcs at cr noar compacted stato. All permou-

abilitics arc gxpresscd os coofflclcnt of permeability, k at 10 G (50°F)

w oo
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TABLE NO. 16
SIMMARY OF UATERIALS AVAILABLE AND REQUIRED

THif TABLE 1% BAJEC OR QUANTITIES vkoea Scxrouee "A%

, MATFRIALS pEDY

Estiwive No.
danuany |91.5

IM 1AL ILY] - VAT R

¥ .
z T CSTIUATED UTHINOH T8 ERCAVATE
TYRE .,mamman sunlnmaaxucnvnnm “sr. FOTAL =7 - T COUPKETTON Y PROV. & T T :
3 MEASURE 1AND LOSS 3 DEASURE 2 SOURCE AUGURT {BABLE: TYPE KX s0k $ IGARAGTZRISTICS ;VIBRATED:® TOTAL 1 USABLE  :  WASTE ¢ REMARKS
t0U Y03 @ FACIR 1 CUYDS s H . f3EC. 3 ADENSITYH CUYSS 1 QUYBS : CY YOS 4
] 1 (A} s .3 : 1 : OPT. ,Dci-PcF- FOF 3 H H .
A0 ERCT ¢ I ) [y I (1] L2 Z LV} L] i (L) B T ] T (L)) EA L B 7T
v T Y ! Z = g T =i TSTRTY
H 3 ISPILLEAY GHANNEL & ONUTE, REQUIRES Excayaviow: 330,000 Tiw S, 1y |]:0.001’-0.035:2’70-h0°x§.5—u-9u20—a}2= - 1300,000(6):330,000 . o ,::"d;':,:“m_ enion
H 1 H H 1 L L B I 1 IOVERLEZLY
lumCavious : 510,000 : 1.00 SPILLwAY CxaNxcL Exviusion H (-) B ] xA\un.n.u: |r NEEOED.
{l) z E STUmMNEL IMLET An0 QUTLET CHANHELE B - :|B0,000(:) H o
1 I i 2 z,
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1 3 BIDEs H 3 H i -(s"unnu)-
r 1 SPILLWAT CHANNIL & CWUTC, RISV IRET FXCAVATION 14, 000= ¢ R $160,000(x )1 140,000 1
1#gho00 2 0495 : i ' xtsuwnich
N H :5-||.|_|lv CuAnnElL EXTTHSHOM 150,000 T 3 o6 (8): 00 TAVAILABLE [F NECOTG
T 3 2 s : ' 1 .ts“s»mg)‘
¥ 1 STUMKEL 1ALET AND OUTLET CHANNELY 100,000 1) 125 3 - 1100,000(c}2100,00¢ T L] nsvaEr;mc InGLVEtD
H B H B I I B H i1 MATERIAL .
: : : Do 10,000 st = i = 110,000(e): © : 10,000  ISELE rxasssLy oo
LT 1 H H H 1 B L3 . 1 IWET ¥ COMFAGT ATAD-—
1UPEAYIGUS § 3 1 [ : . : : H PILY N DAM IMBANKMENT
[.11] 3 15,000 1 zBorrow ARCA "a" BO,0  z SiaTr GRAvEL - & = i 35,0007~ 30,000 : 5,000 g
- 13 : H H H B B {STRIrPING} L
T116,000(1 )1 YiRoek EXCA¥YATION 115,00041 1 ):30rT Rock Fikre = - t - - 1 t116,0004(1}F £ 53,000 1({1)FRON ROGK CXGAYA=
i) 1 H H H B I H 1 H ITION = BOFT MATEANAL
H : : t H H H g 1 H SABLE A3 301L - SRC
1 r : R, O0007 7 H # : IE T 2 EMABKS ywpEE DUMPLE
S BITTT ] s H 1 3 H : IROGK. MAXINUM AMOUNT
: 3 H i : s : & t shvkiLdnie - vse (RP)
1 : : : : : : x + F ADTUAL QUANTITY
z z : N N -
; t % t ENIYELL Y JanD T s B T fatoet i H o
H : : 1Cur-0rF TRERCH 53,000  tSawor Guavees :2,3,4,5,6: 1.0-10,0 =z = :315-1 53,000(c): 53,000 I IFOR TOE TRENCHCS, A0
3 H H -= 1ME0. TO Fiip S Maos: . + 3 z 1 TOLVEASION CHAKNELS
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: T : = 560,000 DUowoTEo ror usC As BEST Prayious : : ] 3 1 3 t
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Bat g % 1 [ : 2,3,7-3 : i & : 1 v bo,000 4
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OoLas H H B B B i B B
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BIRENTR 3 T T B T ] T ¥ T
Srl_Gmnrrn. BASET 7,000 = : 8,000 :suun Anga a¥ : Aurcg :smnr SRAVEL : - s = 3 lfﬂ-ljla g ooc(-)' 7.000 1,000 &
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Totas Eantn Gonnow (A} ot
ToraL Eansu Exavation (c} 1’3? 500
T
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TOTAL,

fore Wor rmcLwsr
ROCK WANTE.

GENERAL NOTES: (€3]

SHRINKAZE AND 1033 FacTor w EMBAMKUCHT WLAtuRp
ExGAvATIOn WECASURT

(8] CUANTITIES FOLLOWED Ov LETTEW TBT ARD #GARDR 30113, A0 GuANTITIES FOLLOWLD O¥ LETTER "C* ARE SO(LS FAOM CXCAVATNON.

{€) ROGk £xCAWATION MAY KOT YIELD RCQUINLO SHOUMT OF HAAD NOCK. PROJABLY DETCRUINANLE OKLY CURING CONSTRUOTION AND DLREINDENT ON CXCAVATION WETHOGY udlD.

(6] Serr ROCK USABLE A% 3201, AND REGPAILY A MAXILyuw, AWY OTCREAZE FILL CORRCSFONDINALY INCRLATL DORMOW =EQUIiRES.

(€] Torat votrur oF manoow 3€¢TI0% w TH2,000 8¥. RunDOM INPERVIOUI AMD AAMDOM FERYIOUS QUANTSTILS OBTAIXKLO #Y USE OF MEAN SLOYE WETEECK LIMITH OF MAKDOM 4COTION.

COEFFLEIERT OF PFERUCABILITY "¢ auiven |x umaTs ¥ 10-0 cu./sco,
J = AMGLE OF INTERNAL FRIGTEQH.

TorT - OeTIvUW wAY{A GONTENT - |UFAZT COMPACTION TESTs

DCW - DY COUPAGTED HLI4nT AT SPTINUM = 1MPAST GOUPASYION TR2T,
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2. Rosults for Borrow Aféasde“;and""B" are indicatod graphi~
cally on Platos Nos, 28 29 ‘and 30. Borrow Arca Wﬂﬁ-is major -sourcc of
perv1ous and random porvious matorlals. Spillway'chgﬁnel‘exchvation, also
.d051gpatod as Borrow Arca "B, is magor géuréovgf'impervidus and rardom
impervious m&terials. o : '

Ze Goneral oxpectcd pcrmcablllty for dlfforcnt soctlons of
dam embankmcnt 13 1ndioqted in a Generﬂllzed Soctlon Platc Nb. 31 ond
“also on Ta ble 15 (P&ge 51), entltlcd "Summary of Matorlals Avallable and
Requlred“ Typlcal k—e (pcrmoablllty vs. vomd ratlo) curvcs for dlfforont
types of 30113 are shown on Plato No. 28- o

| h.‘ Vlsual permeablllty cstlmatms are mide aurlng ‘sbil olags-
1flcatlon to asslgn materlals in follow1ng permeablllty groups for ésti-
.mated den31ty in natural dep051t; | ' |

Coefmlclont of Pernodblllty, kO

Permeabiliby Group

' . In wnits  om/scc x 10 u

iﬁpervious.(m) S R . L <o

Random Iﬁpervioﬁs (RM) ' ‘ | 0.1 < 1,0
Rendom ?ervioﬁs (RP) 1.0 -~ 10
Porvious (P) _' 10 - 500.
Vory Pervious (VP)‘ ;:>500

This:is an ﬁbsolute blassification (used for all District sites) and has
proven very helpful in studying seepage probleoms, Permcability grouping
of absolube classification does not necessarily correspond to usage
grouping at a particular site, where objeet of latter is to.sccure a

poermeability ratic of ab least one to ten botween different  components
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of embankment: seetion ﬁsing'évaiidﬁIﬁ,séiis;ﬂ ﬁg‘aﬂ”éxﬁmﬁle, & soil inm
pervious group'%aﬁgglufé éidééificaﬁion‘at~semi-ldoée natural déﬁsity)

mey -be. in random perV1ous group‘when campaoted and because of avallablllty

thoq

- be actually used in pervlous sectlon of embankment at & partlcular 31te'
where soils forming adgo;nlngrrandomﬁsaot;pn of embankment, are considers
ably more imperviousij(RM)“aﬁd (M) groups.

: .

G. ‘DIREGT SHEAR.

le Direct shear tests. Were run on renolded somples of per-"
vious and impervious. mnterlals at. compacted don51ty to 31mu1ate condxtlons
in the embankment,_ Because of size of sbcar box, it was necessary to.
sereen out materials l&rger then #10 Tylor siove size before testlng.:T-ﬂ
Results obtained therefore are for fraction finer thah-#io sieve, whioh‘
_procodure nggs oonservatlvo xesults.. Pervious samples werce testod ab.
_approxlmately 67 moisture combent with. full dralnage permrtted ~Imper-
v1ous samples wWere tested at optlmum,wator content w1th full dralnage ' -
permitted, and both types of 50113 were run aftcr full consolldatlon

and as "slow" tests_at 0.06 inches per m;nute rote of straln."'ﬁvcrage
direst shear éurvésifér’proposed pervious cmbankment materials arc shown
on Plate No. 324 'AVeragé'diract Shear ourvos . for}pfbbééédiimpéfvioﬁs om-
bankment matcrlals are shown on Plate No. 55. P01nts shown on curves at
normal loads of 1, 2, and 3 tons/ sq. ft, were obtalncd by averoging such‘:
'p01nts from many tests run on such matorials. Indlcated cohesmon for :
pervxous materlals is not true cohesmon andrls notluscd in computatlon§ | -

of stablllty. Rosults are summarlzedlon Plate No. 31 and on Table 15i

B

entitled "Summory of Moterianls Available and Required",

2. General values for impervious materiel, ¢ & 30° and ¢ =

L]
& Ji

L= 53 -
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0.y = 0.5 tsf are cons;dered reasonable since soll is a ooheéxve glecial
till, Forﬁpcrvious mgterials, Plate, ¥o, 32 shows straighﬁ line graph
values of ﬁ = 33° - 37° and small cohpsion valuos of 0,1°= 0,2 tsf,
Lotually theso materlals are coh031onless -and- 1ndlcated cohgsion is
~probably due to 1ﬁ£;;ont difficulties of direct shear test,

?*3&1 Shear st:qngth of soft silt in the dem foundation is diffi-
cult to ?ﬁﬁgrmino since the material consists of interstratifiod deposits
of fﬁgqﬂ;qn@,wgilt, and codrse clay, Sufﬁiciehtlyfcbhosionlcgs aéfﬁb be
very diffioult tthand;e.in.gndisturbodﬂgtate.nJStuayfof*fhis’ébiﬁ’iéﬁ
.covered in Appendix A, = .. oo oo ‘o

H, TRIAXIAL COMPRESSION TESTS, -~ .. < .

1, Two serios of triaxial comprcésion“tc%ts"Qere:r&ﬁ‘fo’iﬁé
vgstégﬁte ghog;;%nq gritical,voidaratio gnpsandewhich)will‘bomﬁfiée*'
bulk of the pervzous material, ﬁ_typicql‘sampléraf hodivm sahd from
BorrOW'Area "4"; Gl&ss h~2 sampipuﬁfrﬁ9;35,;aﬁéra“ty@ibal~§dﬁpfé-éf““
:g;avelly sand from Bor;ow'n;éa YM, Cdass T 3, sample BT-80 BB, woroﬁﬁ
used for thggq twro series., Gradation cu?Vosﬁ$0r‘thcsﬁﬁé&ﬁﬁlesVaféwsﬁdﬁn
on Platc Weo, Bh. The tosts wore Iuan. by constant volimé méthod and ngO
follcw1ng rosults whore Brltlcul is the egual- stréngth void: Fhbi6 de—

fined by Taylor {1):.

(¥) D& W, Taylor, "A Comparison of Results of [ireot Shear and
Cylindrical Compression Tests", 4.S.T.M. Proceedings, 1939.

e Eh "~



Imtcr%l Pressure ‘Cfil'

Doritical

#

"

4

]

ps1 -chitiqal" pcf Z EE
- Samplo BT-89,B5:: . Mbd;gmiSand. _ Class hr
T ok sse ot
L5 0.606 103.9. ijr‘..0}651
110 | 0.5 ;1i.o'. - 0.85
;S&#pié ET§80,$§  . Gravellv Sand __Class 7- 5
15, "*‘j”“\‘V _ o 506 . 112 0 o 9‘25
L5 - _o.u19 8.8 ' 0;57
. 110 | - 0.371 , 12é.9 0-7&

Uohrts oirsles on Plate Mo, 35 show @ = 3L° for the modlum sond and

ﬁ 56° for thc gravelly sand both belng cohes;onl@ss materlals.

2, A speclal serles was also rUn on sample of aoaree gravol -

from Borrow hrea "A“, samplc BTrél B7, Class 1
orlglnal samplc and froctions therefrom usod in this series are shown
on Plato No. 36 As thcre was ex00351ve coarse aggreéato in orlglnal
samplo for sizc of availablo apparatus, flVO dlfferent 5120 fractlons'

werec prcparcd by screening out aggrogate coarser then a llmlting 31@ve.'

Nechanlc“1 analyses of BN

From this series propgrties of original samp}e wers detérmined by extra
poigtion. Gradqtions of the five fractions caﬁ alsd be considérodrto |
represent fivo different soils. “Exéépt for oné'éériGSfaﬁ,const&nt )
volumo,.bulk of tosts were run ot constant lafdfdl préséure, usiﬁg.E.B—
inch diameter speeimens for finer frecbions and L-ineh diamoter specie-
mens for coarser fractlons. 5

2; Results are given in detall in Speclal Test chort
#1, Claremont Dam "Triaxisl Tests on Coarse Grevel for Cr1t10al V01d

Ratio and Shear Strcngth" (copies in libraries of Offige,'Chief of' o

- 55 =
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4.
Engineers and of U. 8. Waterways Experlment Stat1on) and brief abstracts
are given here for minirum, and max1mum lateral pressures a¢ (’”) useds -

L

CRITICAL VOID RATIO, CORRESPONDING DRY :5_' :

UNIF _DENSITY - PCP AWD DENSITY RATIO, Dy iii:tfLAl: i Ceritical
FRACTION:COE .. T PIT- ot e : —
o P 0; © PSI : {’g' H ey 3 3 L”3"—

AZ T
u G — A .
$ =eorlt'dcr:.t' Dr P egrit - % dorst fMDr '.?.PSI : h5 PSI

—
e ‘-l-‘._,. ‘i p—p—.

i

o, i Te 56 Ow )46 110. 6 o 122. 0,380 " 1 12%,5 o 683 : 58° 57' Lo -oo' |

H

: H at 30 p31.at 30 psi. R .at %0 p31
-~3/8" .11.9 .o.L;éB 116 9 0. 188 0.370 ': 125,3 :0, 519 36° ,Lu Lo®-5iy::

~1/2m -13.8 .o um 120, 9 0 191 0,328+ 128.7 -o.h% uo -oat L;2°—o5f

-1" .21.2 .o.JLps:‘127.6:0.3-80=, On é71 3 _141_§5.0  o 66r: J41°-05r 115°=00

-2" 7 "';"30".0 :-0,326';*150@;0,510;, 25 ; . 137.8 ..o 629 L;o -06'- h8°-21 i

Original; : .;.f.. ; .; o _;. | : : . S;'

Semple. 3 3 : S SR P

by Exe  :39. 30 P9b, 135 6 o 371. 0.230 : 10,6 :0,657:LL°-05%: 49°-L;87

trapole~:. : g e
tlon s s

' "b.  As with other coheolonless sands ;nd éravels, crltl-
oal void ratio decreases with 1ncrease 1n 1&£éral pressure, a8 1ndicated
:on Plate No.' 37, 1ndlcat1ng a need for ﬁreater compactlon in the 10wer

;upart ‘of the érmbenkment: where loads, are greater. However, all prltlcal
densities aré well below antlclpated embankment den31t1es, Dr O 80 o
10,85, so 1t will not be dlfflcult to compact to dgpis. No danger of &
fldw'slide-is“anticipated. Plate Nq.‘38 shqwg_felation of ecrif ahd DrA
a8 a band for different size fgactions ﬁo%ﬁe? gééts bn sands éné gravels
have found this‘rélationship es a simple stggigh%lline).
2 Varistion of'ﬁ'with Borit indicéted on Plate Wos 39
shows considerable increase of ¢ with lowef.e, or greataf‘dénsity, being

most merked for gravel samples with greater smount of coarse aggregate,

- 56 -



Mohr eircles on.Plates Noss hoqanﬁ:h&jat'oéfit;indicatoféonsérﬁﬁ%iv.
‘values for pﬁ a8 no dlffloulty is antlolpated in. compacting above dcrlt’
It is generally anticipatedlto comoaot to D = 0 75 to O 80 for sands

77777

and O, 80 po 0. 85 for graveIS'w1th only norm&l rolllng”ﬁ

I, comsommmom. - Compres Tpility and perieaBility of soft silt

d99031t underlylng v&lley seotlon:o dk _”‘_, ff'_ __ywnéoﬁsyoﬂ;jﬂi;"

consolldatlon tests on L-7/%~inoh undlsturbed samples. fﬁéé@iﬁs7cf %hééo:;

g

Qtests togather w1th further studles of thls problem of soft 511t founda-_m

tion are coverod in: Appendlx B ___5g;Z1:¢];;-,d:w.,”

© da OTHER TESTS

1, Other mlsoellaneous tosts Were also run suoh as speolflo
gravity, mogne31um sulphate soundness on rock fragments, and a fléld'

_rolllng experlment plaorng soft fractured rook 1nto earthen erbankment.

2, The soundness test was oonduotod on rook from an explo'“

| tory quarry d851gnated as le located ﬁq rlgbt abutment ThlS rook is

identlfled goologlcally as thlnry bedded, 51llooous serlolto schlst with

”“strong slaty cleavage. Procedure followod'was essentlally tbat desorlbed_

for soundness test of concrete aggregate 1n Volumo I ; _J“Portland

Cemont Gonorete Manual" 1ssued by the Central Concrete Laboratory, North
Atlantlc D1v131on Mt1 Vernon, New York Aprll l9h0. A loss of 21 67 was:
shown after 5 oomploto cycles of 16 hours: 1mmer51on, 6 hours 1n 8 drylng

-

oven, and 2 hours oooling.

3. Rook oxoavatlon 1n Splllw&y Ghannel wlll produoo oonslder-_f

able ouantlty of deoomnosed mioa, SGhlSt. Thls naterlal is flat in shape,
and the snaller 51zes which would be unsu1table for rlprap or dumped rock

sectlons can bo satlsfactorlly rolled 1nto the r&ndom 1mporvmous sectlons.

-

g
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Experlmental rolllng tests were coqducued in Wovember l9&0 by transport-
'1ng soft broken rock from quarry Q 1 to Surry Mt. Dem and rolling R

1nto random sectlon of that dam, Ths:mater;alnwas,readllyJOOmpacted by—

tractors and'sheepsfoot rollers and.accordingly hus been considered-sotis-

PR

facféf& for use in rolied filil at‘Claerppt._ A ST

e g ar wtel

Ko OURCES OF EMBANKVENT I»ATERIALS S

11. : Splllway Excavatlon (Borr@c Area "By
. . _(_ ! '

é; Excavatlon for Spillway Chunnel ’des1gn&tcd also as
Borrow Area "B"j passcs tﬁrougﬁ.the Coright. -« gbutmoent contalnlng'a'Very'i
conpaot dep031t of cohcslve glaclal t1l1i,. Classes Gy L and” 13, 7 This E

matcrlal ox1sts at natur&l waPQr contont of, approx;matsly 13%; éractl_;qJJ

cally optlmum for compactlon, and only a. roderate number:of’ ‘boulders

LA

were encountered in the borlngs.‘ Thls is.e.very, favérable*soureé~of

—

cxcullent iméerV1oﬁs naterlal oand full requirements- for ehbankrent’ c&n o
be obtained by Wié%glgg‘;éproaCh chgnneL if emguny from mlnimum éxdave~
tion is not quite sufficient. Gradotion range for this material is shown
‘on Plate Noe L2, '

b, Upper 5 to 10 feet of right abutmont consists of
slightly more sandy snd 1essAcompact £ill, Clg§ses 7 and 9, which com-
prises—weathered.layer,:and is slightly-loss‘iﬁpervious thah parent
~till, N&tural;water content of this is ébéut’lo%_and is clos@_to opbi~
mum éompaction.requiremenﬁs. ﬁatcrial is very suitable for random ime
pervioué fille To prevent o slide on reservoir drawdowm it is planned
to fiatten presont steep notural slopo of right abutmernt at channel:
entrance, 'and this cxocavation will provide largely reandom impervious

material of the westhored zone, Gradation renge for this material is

shown on Plate No, L3,



[T - The spillwey chute neross flood plain will furnishia -

small amount of materisl «'sards and grivels) Olassés 2, 3,7, 5 ond some’.

sandy silt, Class .6} fromupper flood plain deposib, Sinéo this will be’
obtainod as full fgce”éxcaf&tidn;"itAis‘okpﬁcﬁeélﬁbﬁﬁeﬁlargély_akédgrﬁdt
bf random pervious.

sb Exéav&tién’Qﬁ;sghig%.rbgk;Wiﬁh SErQﬁgvcleav&ge i

expected to give 1§r5eghﬁdu§§§bg .&0ft woathersd.rock which will broak

up under rolling and cbﬁpact~with[dhly-few;voiﬂs;ﬂ%ﬁs'iﬁs:suitdbility
haéfbéén'éhbWh}iﬁ“fieidfrbliing_éﬁpéfimonts,;rb1i§'planﬂed“£0fu§a~thisi

soft rock as rhndom impervious. in dams -7

=7 2.+ Borrow frea "A", - An extensive river terracc of sand and

graveliéxistssbu-ieft,riVﬂrﬁb&nk,zI/Eftéﬁlglfé7mi%e&~upstream¢§f~thé;'"“"'

.

domsite, ir the reservoir. - (See Plato Wo; 5; "Plan of Borrow Aweasfy)

This terrace varies in widbth from o -few hundred foet to L,000 foot and |
w1ll‘perm1t excavations up to a 25-foot cut béfore reaching water table.
Genera‘ly coarsc gravels, Classes. 1, 1=3, 3 are found near the river,

changing to porvious sauds (both unlform and gravelLy),ég

T=3, end 5w3, forther back. Finer sonds. and - sandy sxlts, Classes 6
and 8, uwnderlie the gravelly'sandﬁfand-appear at the surface in the

areafofopringuFarm~Brook, -In the portlon of the berrow area :west of .

Quabblnnlght Brook, random material,: 'alﬁéses 5 and?""'

and §ilty sand, lies over pervious and was probably carrled ‘down by
surface Wash from nearly tare hillsido ahove, -
ae - - The larger part of material is sand and gravelly

sand, which are’a 1"3_.0- the "mos‘f"ﬁp@ﬁii?‘f?:ﬁﬁiin‘i:’::-th:tal-‘;ei@:}s; pregent, Ample ‘-

gravel is also available, and congists of wellsgraded gravel which-ethe

LS YT
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pacts easlly to nlgh dnn31tles. The ares 66'%aiﬁ§‘”é 1] tiico as much

I3

perv1ous materlals as is nceded for tho dam, approx1m&temy dlstrlbuted

botwcon 3011 types as follows.

{‘
[AIN

BORRGW. AREA AT MATERIATS AVATTABLE - .-
D NG ““:""’ cY

Porvious = :8e ndy Gravcl : 625,000 :
) ) . i . H :-“w ‘. ik -1 r_-;l" :‘:-‘. " ,'.‘ N i F Lo
.ar&velly Sand:l 150 OOO :
T B
A :Sand ] ot 585,000 :
ST e g T TOTAL 1B, 360,000 2,460,000
_Rdndom Pervious :Sandy Gravel : 3?5,000 H _
:Silty Gravel : 35,000 :
- s gl b o
Sllty Sand 3 !18J,OOO :
S TOTAL +1,595,000 T, 595,000,
Randon Imperﬁious: : s 255,000
TOTAL : 1,110,000

b.  Plates Wos. Ll 2nd L5 show ranges “in gradation for:
pervious and random pervious materisls in thistaren. Propertics of
métorials are given it Table 15 (Page 5L ) ontitled?"suﬁmary of Materials
Kvailable and Required", and results of pormeability tests are .summarized
on Plate No. 20, | i

Se. Distributicn of materinls is quite favorable, allow-
ing tho obtaining of severnl different types of material atwthcfsamek-‘
time, with only slight ‘Scloction, and in-order necded for the dam,
'ETEisxaféd'wiIi'fufﬁishﬂédu}ée*bf'seioét pervious, pervious, gravel
for bodding and roads, conorche sggregato, and dlso random pervious as

a by=-product, . _ v

- ,60 ._ e



Ze Cther @xcavations.

9? ) Excavétion for. tﬁﬁnelfinlet'and outlet dhannéls
oontalns both sand Mnd gruvel CI&SSGS ﬁ, hr2 1~3, of %he terrace, as
well as glaclal tlll Classes 7, 9 ll and 13 of the hlllSIdes. The
: excavatlon w1ll provxde largely 1m§ervxous and random 1mperv1ous mater-
" inls w1th S0mo random perv1ous. In tho outlot channel there is also
somo unlform 811t Class 10 whxch Drobably will be too wet to comnact
in the dam, and if so, will be wasted.

be. The-ouﬁégff trench hos deposits of varying depths
of coarsoh;;l% ané‘flne sand Classos 6 qnd h, underlein by deposits of
coarsor: sands and gravels, Classcs 2, h, 9—7, 1 and 1—5, which form
fluvial flood plalnmdeposaﬂs. cTh;Sfmatorlal is largely“sultmble for
random pervious fillu ‘ _ e
~ials w1th §0mMo random perv1ous. In %ho outlét channel there is also
somo unlform 811t Class 10 whxch Drobably will be too wet to comnact
in the dam, and if so,_will be wasted.

E}.. The-ouﬁébff‘trench_has deposits of varying depths

l” _g:7_ Site of dam is largely open fields, and étfipéiﬂg

;‘under ma.in dam will be about 12 1nches 1n depth except near dovmstream

toe whcro it w1ll be aboub 5 feet to make mors deflnlte contact w1th

pervious laycrs in ‘zone of seepage emorgenco. Stripping under dam and :

"ulsd over spillway chsnnel excavetion will provide smple. source of top=

soils

L, Usage estimste, - Quantitios of materiaié:reQuireH;‘comﬁ”

parcd with moterinls availsble, and their physical charscteristics aro

summarized in Tablo 15 (Page 51), entitlod "Summary of Matorials Availe

able and Required";. This table gives consorvative estimites éfiéhrihkago

and loss factors and re?rosents o preliminary plan for usage of avail-

able soilse

o
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VII, DESIGH CRITERIA

The Claremont Dam is designed for safety.and stability during all
conditions of run-off f{rom the drainage area, Discussions of the various
loading, étability and safety requirement conditions to which the dam will
be subjeﬁted and its ability to resist these conditions are given in the
varilous sections of.this analysis. These demonstrape that the dam meets
the following design criteria:

(1) The spillway capacity is so great thet there is no danger of
overtopping the dam even with the outlet closed and the roservoir full
~ when the spillway flood ocours. (See Section V, Paragraph H),

(2) The freeboard is so great that there is no danger of over=-
topping the dam by waves, (See Section V, Parsgraph H.5).

(3) The upstream and downstream slopes of the dam arc such that
with the materials used in construction they will be stablo undor all
conditions. (See Section IX, Paragraph G)e

(4) The line of saturation is woll within the downstream toc.

(See Section IX, Paragraph F), |

(5) Water which passes through and under the dam will, when it
comes to ‘the surface, have a velocity so small that it is incapable of
moving any of the m&teriél of which the dam or its foundation is come
poscd. (See Section IX, Paragraph B).

(6) There is no possibility for the free passage of wator from
the upstroam to the downstream face. (8ce Section IX, Paragraph E).

{7) No moterial soluble in water is used in any part of the danm,

{8) The foundation is sufficiontly stable to resist undue strosscs

caused by the cmbankment lead, (See Scetion IX, Paragraph C).
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Vill, HYDRA.ULIC DES IGN

A... SPILLWAY. - The sp:.llway is loca.ted in a saddle near the
'nght a.‘oxrbment of tha dem and comprmses an a.pproach cha.nnel a welir and a
chute.

1.‘ Approach chemnel., - The approach ghannel wi.'ll be of sufficient

.size -Eo insure maximum véioc.:i"bies not éxceedj.n_g; 6.5 ﬁ:’. Per sece 'upstr_eam
" of the orest drop down, Riprap will be placed on the side of the chamel
mearest the dsme | -
2¢ Weir, - The weir will be set in a rock cu't. It will be
“i‘construoted of concrete and will have an ogee crest.‘ In ple.n, the welir
| will be an arc. mth a rad:.us of 575 feet end a length of 395 feet &t crest
elevation 630. | . - a

3, chute.'- In the first uoo ft., the ‘bottom of the ohute will

o converge from a w1dth of 395 feot o a width of 100 foeba The bottom width

i

will rems.in cmstant untll the excave.tn.on leaves rock at a.bout 1, 000 feet
below the weir, From the end of “the rock cut to the Sugar River, = distanc:e
of abowt 1,000 £t & pilot chamnel 10 feet wide will be excavated in earth,
The bottom prof‘ile of the chute is des:.gned to maln‘ta:.n flow ab _super=
cr:.tioal veloclty with a freeboard of 5. f@et in roclc. For the last 200
feet of rock: ocut and for the en'l::Lre length of the pilot channel the sl‘ope

will be flattened to approxunately .006,

h. Design computatmons. - The flow over the weir crest was

.computed by the formula | |
Q= o2

in which Q= discharge in-CefeSe

"L ® crest length in feet

H = head measured from spillway crest to water surface in
the pool

C= dlsoharge coeffzcien:t




'oi‘ the Mannmg formula, v.= l.Lt86 Ra :sl/

:' bas:r.n e:cce.vated in rock and a.n ’oufl
;' 'tural stee.’l shapes and will he supported by the
-v:Lded.

and straight vert:.cal W&llSc The verta.ca.l 0‘34"’3 °f the °°£ will 'be 2.

=1n‘bake to the begmm.ng of 'the circular -buﬁnel seer‘;\‘moﬁa " The 1nvert of

The value of c for the design surcharge of 15 feet was "taken as 5.8., The 5
1ength was determned by the requa.remen‘b tha.t the we:.r must pass the de- -

slgn dlscharge (86 600 c.f‘s.) at the . des:.gn surcha.rge,, The construction

of the splllway rating eurve over the entlre range. of dlscharges is dlS"'

cussed in Sect:.on V{, “Hydrology and Hydraullcs“

Flow in the unlmed. rock cut 5 illwa chute was computad on the bas:.s

i‘lclent, n, was taken as .01;5.

}3. OUTLET. - The ou‘blet worlcs compr:l.se a eomrete hned gate con=

T

1.-. In'take. - Be E‘he tra& o lﬁs
The gross area w:.ll be 11400 square feet. A, raking katLopim wil be pro-

_‘9_ The en‘trance 'to the oondui’b

qua.rter elln.pse w:.th ma.Jor a.nd mmor axes 1.5 and 1‘9 ‘hm’es the 'hunnel

dla.me‘her, ‘ros pectrvely. ,

‘g_ . The bo‘btom of the m‘bak:d t 7 consigt of three

passages, in each of which mll be slo'bs for one servi__ﬂ

emerg;enoy gate, Three 6.0 fte by 12.0 ﬁ:. service ga‘bes and one 6.0 fte

by 12,0 ft, emergency gate will be provideds e .S
2e Condur‘bw - a. The eondu:.‘o floor will be. levsl from the g

[

.-l:he clrcular sec'b:.on will be set on & slope of approxima.tely .003.



+/bw: - The jupper tyransition will, extend 60 ft, from the end
~of "the..gate: section Yo the beginning of ‘the .circular ,seg:ti.oné_ .The ends
of the di{riding pa‘.efs will be approximately 30 feek _vdoymst::eé.,‘m fr;bzn the
end of the&ga:ffe :éect;ienij. ~In the first 50 fee:,t of the transition the gross
~.gection will change from a rectangle 28 feet, wide by 12 ‘feet-high with
2 dividiﬁg piers to s rectangle 19 fest wide by Ak feet hlgh, .In %he
"-':j'fenla'in_i.-‘r‘;_g"iﬁb fegt of ;‘Ehe transition, the seqtion will change to a circle
with ai":dli-,.éa;zeter-.of;lé feabte - oot 0 gl Povinal

cs  The lower transition will occupy the last 30 feet.of
the :c’ogét;'it{- .Thg change will be .from.the 16 :feet diameter circle to a
trapézoiaé'l.,section.having side. sllop;as; of:10;vertical %o 1 horizontal.

~%e  Operating house, - The gate operating machinery will be

_housed; in the top.of the inteke structures Individual hoists will e’
~provided for each of the -serv'ice‘ gatess ‘A travelling crane will handle
the emergency pgates A plate glrder service,bridge will give access to
- the operating housee - iw: il e

oo oohés Designe wise . Gapagitys = (1)- :The econgmics of stream
diversion:duping. construction was the ;gox{ern-'iz;g factor in.the determinga-
tion of the tunnel size, | AT

{(2) The following basic formulae were used to estiw

mave losses of heads |

() Loss through trash racks; 240 ¥ in which

Zg
v is the velocity just upstream of the racks,
(b) Loss through the bell mouth entrances .1 -
2z

in which v is the wvelocity in the reduced section,
" (¢) Loss dus to turbulence caused by the gate

slotss 03 g_% in which V is the velocity past the slotss

—
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:fi(dj:‘Tfaﬁﬁfﬁiéﬂ“leS”duef%b enlargement of sectioi

.2(Vl2 - V22) 1n‘whlch Vl and v2 ere’ the velocltles before and after en-
(Cg” 2g7) - ;
largement, respsotlvely.

! i

]

g

L4

" (e) Transition ‘loss due Lo contraction of section

s

.1(V22 - V12) An which. Vl and V2 are thé welocitiss before and after con-
(Fe- Zg )

traetlon, respeo%ifel&; _ “J3ﬂ
Cf) ‘Lioss due to-curveturés .25\/% V2 in wh;ch
, 50 2%

d is the amount of deflection in degrees and v is the- velooity in the®
-ourved sections = et T gt e e

o deri(g) rﬁéssc&&e?kpﬁffigtidﬂ{& ;gqh95*Lii’”E§5in
which I and Rléfe;“reépédtiﬁely, thefleﬁgﬁh and”mean“ﬁydr&uliéfréggu3fof
the reachﬁand v is;fhé”mean'velocify in-the reache TH¥s expression is
derlved from the Mexming formule, v.= l.bBé R2/le/é’ in which’s is. the

I'.I.
-1oss of energy “duéto’ frlctlon per foot of lengbth and n s -a coefficient

of roughﬂeSQ ‘balken 8s W0Ll3g 0 o B

(3) The following tabulation gives s summary -of head
: losses and capacitles when the pool is at uplllway crest elevatione. The
T"tot&l head is measured from-spillway crest (E1.630) to top of tummel at |

the exit por‘ta]_- (El«‘o‘558). S L B

e
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IPlate No. ué., _

SUMMARY OF HEAD LOSSES AND CAPACITIES

R R tALL gates open- Twro gates open
‘ s 'Fraotlon : sFraction of
Them s 3 of exit s :  exit

tFeet:vel, heatheetgvel. head

-

| Fmiction . $32,0; .91 £31.2: 4915
. Curvature s 8421 204 1 T.0: 204
~ Trash racks ¢ 1o7:  WOL1 2 2.7:  L081

Bellmouth entrance: 3.5: 4087 : 6.65 195

_ Gate slots : 1a0: 4026 1 2,0: o058
Transition t 5032 0 L130 & Baln 247
.. Total loss :51eT: 1.279 5749  1e700

Exit velocity head;L0s3: 1,000 :3L.1; 1,000

Total head = fte  :19200: 2,279 :92e0: 24700
- Bxit velocity = fupese: 5049 ¢ . L6.8
- Tunnel area - s.f, :+ 201, ”._ . 201.

. Discharge =~ c.fs5. s 10,200 9,&00

L]

(h) The hydraulic and energy gradients for the cone

"'du:.t dlschargmg w:Lth the pool a.'t spzllway crest elevat:.on are shown on

. 3
EX

be Reting curves, - (1) A1l gates open. ~ (a) For dis-

~ " charges less *than npproximately 3,000 c.ﬁ,s.}the:céntfol will e “dt the

.

beginning of the circular‘tunnel section; The expresszon Q a\ / g was

used to compute the depth-dlscharge relatlonshlps. In thls formula :

‘m
T

Aarea of the water section

o
i

top w1dth of ths water sectlon R

3

acceleration due to gravity

-~ 67 -
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70Q115OQ:‘ 'downstream ‘ends :‘Q

Pool elevations: were estlmated byLaddlng.l.Bﬁ ilmes the velocity head to
the weter surface elevatlon at tha aontrol sectlpn. ThP ‘Pagtor 0.33 is
the estimated loss_of hegd'bepw?gn‘the‘pool and the control section as a
fraction of thégvéiobityfheadPingﬁhbibbntrél“sectiona"

o (b) " At discherges greeter than 3,000 c.fese the
control is the tunnel ex1t; The hydraullc gradlent at this seotion was
assumed to be at the-roof. The pool elevatlvns were: estxmated by adding
2,28 times the velouity heaa at the exit *o the elevatlon of the roof at
the exit, The estlmated Tosses are 1.28 times the exlt velocity head,

| o (c) Slnce the' control shlfts from ths beginning

of the circular section to the exlt at s omé ‘discharge’ between 2 ,000 c.f.s.

and 3,000 o.f.s.-thm;twatwurves.werb‘301nedgby-a.ccmmon tangent to give

the entire rating. curves. . AR SR R

(2) " Two. pates open. = The following ﬁaﬁlé summarizes

the computation methods used Tor tﬁé'apg%oxima%é;fhﬂggs of discharge in=

dicated, e T et e

Estlmated logs from pool

Q. in’ ‘owlase’ SRS control seetion -

-Condrol, -Section ' Flow Formula. . usad

.
.
*
’

: K 3
.0 - 700 :beglnnlng of cir-s Q
s cular sectlon 3 ‘

]

_ 5 6’713133/2 _: 27 X vel. head in control
‘s of dividing piersy’t” I

el ‘ A

;n

-

'“%%ér“lSOD‘ sexlt portal " :'Q = gv ‘ si.?Oxvei.head’iﬁ control

.52 x vel. head 1n control

Ths ‘thres ‘curves were merged to glve the entlre ratlng curves

(3) one gete open. - {a) The control is &t the ends

of the dividihg piers for all dischérges.
" (b) Formulas end estimated losses for epproxi=

mate ranges of discharge are tabuleted on folldwiﬁg Page.

gt

e

L
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: Fatimated 105868 Trom po"ol To

. Q. in cefese - .lFlow' fg_rmpla used_

. . i control seckion. . -~ . . .. _
0 = 1,000 - 1 . Q~f¥5-67bD§/ét ;s_;“:ﬁf..hl-x vel.~head,in,controlf“
over 1,000 : Q= av : .30 % vels head in control

(L) The oomputed reting .curveg ere plotted on Plate
Yo, b, Curves of hyiraulic Qlements_ugeq”as_gﬁgu*de,;q determining the
~ control sections are plotted on Plates Nose 48, .49 and 50, .. -

- Ce- .Following is e summary of. estimated performences

Gon&ifioh' ~ Ty — Parformance

!

Pool at Ele 650 - all gs.'tfes Discharges 10,200 c.f’.S‘.
Open ST et N R ST

Pool .at Ele 630 .- one gate :Disoharggs_9,h0§ cﬂf,sq,(80£-qf
closed : s full capacity = 8,200 cefes,

' Pool 5% Ei; 550 (éslfﬁ: V gDiscﬁargeéq5;65O cefese (con-
above intake invert) s struction flood) . - . .

de Stilling besin, = The unlined stilling basin is so

—

proportioned that theljump will form within its limits at all discharges
up to the design discharge (10,200 cefese)s . The maximum velocity at the
tunnel exit is approximately 51 ft. per secy, and at the end of the
stilling basin, 8 ft, per sec, The derivation of the tailwater ratingr
curve upon which the stilling basin cbmputations_were bésed is dispug;ed-
in Seqtién V, "Hydrology and Hydraulics",

e Qutlet channel, - The channel downstream of the' still=-

ing besin will be excavated in earths It will be 75 feet_wide at the.
bottom and will have side slopes of 1 vertical to 2 norlzontal The

maximum velocity will be approximetely 8 fte per sec.



FREEBQEH.Q’“-ThQFtQ@_Qf the. dam w111 ba et elevatlon 550, therebJ

EARL T

: prOV1d1ng a freéboard 685 feet above the maxlmum pool elevatlon.,”ﬁ@ter- -

o

mlnatlon of the amouﬁt of freeboard 13 fully dlscussed 1n aectlon V,

R ﬁ.f NODEL STUDIES. - No model studies of the splllway w111 be made-vn

since no unusual featuras are 1ncbrporated in the des;gn, ‘Model studiss

~of the outletlworkS'Will be fhade o determine the behavibr=bffthe tfansia

Ction | sectlon and stllllng baszn, and to determlne the effeﬂt of ‘the

’lfflow through the Stllllng

..,.,,,,_‘ e,

curvature of the tunn'?'

E. MEMODS USED T0. REDUCE ERO’DING 'VLLOCITIES, R v
S .
1. Splllway. - No speclal conatructlon for %edustlon of .

erosion 1s contempljted. It is expaoted that vradual er051on along the.

. 4.

llne of the pllot channel w111 accompany small_dlscharges over tha welr,

and that the eroded materlal W111 be depa81ted nearfthe mouthuwf the
.p1lot cﬁannel and possibly in the maln stream channel. In the ‘cége of

LT T T ,

: the splllway d931gn dlscharge, the éamage +to the rlver oan& and +o down~

.'stream communltles Wd_ld ocoun negardless of speclal valoclty reductlon

.l measures that mlght be taken at ths dam site. The toe “of the dam is
suffiqiently far removed from the.spillway chute to be safe at all dis-
charges, Since the outlet will pess all but ext?emé1y }are floods, it
is ﬁdtféCOnbmiéally-justifiablé‘tﬁ'prVidé sne&ial means to reduce
veloclty of splllway discharge for the purpose of reduclng maintenance
at the mouth 6f the outlet channel. . ' - 7 .

2. Outlet chammel. - An unlined stllllng basin e\cavated in

rock will reducé maximum?€élbcrtles-1n.the outlgt channel‘to approx1mately

8 feet per second,

e -
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IX. EMBANKMENT AND FOUNDATION DESIGN

A. MATERTALS AVAILABLE. ~ A general discussion of sources of em-

bankment material hes been covered-in Section VI, Paragraph X and is
summarized in Table 15 (Pege 51) entitled "Summary of Meterials Aveil-

- able and Required." An ample supply of -pervious and randem pervious
meterials is available in Borrow Area "A'. Excavation of tumnel inlet
and outlet channels ana-gpillway.channel will provide material rquired
for impérvious core and also random impervious meterial for thé random
dam‘section.'-Materials are reasonably well separated in the borrow afeas,
50 ‘that no difficulty. in selection is anticipated to obtain desired -
material.

B. ECONOMY OF CONSTRUCTION. - Alternete methods of embankment

‘. ‘construction were considered with s viewpoint of materials available.,
‘The adopted rolled £ill method represents the most economical and prac-
tical use:of materiéls*avdilable'in“theVaréa;

C. ~DISTRIBUTION'OF MATERIALS IN EMBANKMENT.

1. ‘General. - The ‘essentiel componexnts of the dem consist of
a central impervious cdre with a cut-off trench to rock or impervious
soils in the foundation and abutments, outer perviéusvshelks, and transi-
tion. zones of random fill-Between the shells and the central core., The
lower portion of the pervious shells will consist of more pervicus mate-
rials and extends part way under thg?random-seétibn; The upstresm -ddm
-‘slope and downstream'slopeiin-zone of:seepage emergence are protected by
dumped rock which rests upon a bedding course to’protect the pervious
~shell from being - carried into -the rock by seepage end wave washe The
downstream dam slopes above the' zone of seepage emergence are topseiled,
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with & dPaihage’ éj}"s tem of oakon basms and drélnpzpes “£o 'i:ék’e oard of
surfecé run-off. " Soils Will be placed in all gectlonS'w1th the more "
impervious placed towardskthe dam centerllne and the mbre Dervnous placed
towards the. dem’ s10pes to, effect &esarable t'ansltlon i permeablllty.

Generalized Section, Plats To. 31, shows makeup of" dam ‘and Plate No. Eh

“1llustrates gradation of tvplcal embankment soilas

”_2.'JHorlzontal pervmouSudralnsm*—ta.,‘Honizahﬁdi‘ﬁefﬁiéﬁé’

blanket. dralns are formed ot ‘the- base of: the dam- by a.-12 ft. layer of

- more. pervious goil. whlch extends. part Way uhder bhﬁ random<sectlons to

"

contact“inﬁermOStflinefdf'drainﬁ%éils'noted in}APpeﬂdix”A; ThiS'blanket

will be formed offcoafse”éan& ana-grdveliy sand whiﬁh'ié the:mﬁreipen—:

vious .of materlals available at thls 31te.

by The dewpstieam. hprlznntal pervzous-layer wzll‘ unetaon

to collect seepage from the random section 1nsur1ng that line 0f seep=

age:will remain far “inside the downstream slope of, dem.  This pervious

- drain is designed to collect Waterrexpeiled;frqmﬁﬁhé“ﬁpunﬂa%ion.silt

through the drain,wells,"ThiS-hofizohtal,perviQ

to-colléct-any;underlseepage in théLupper'perviouSﬁf&oéﬁgplainidepééif
of send and gravels which passes through.the_cut—off;t#énch;

¢. The upstream horizontel drain will. function to direct

. . seepage within the upstream portion -of the. dam during drawdown of the

tends to push the dem- embankment. upstrean. ATth§§'_”

reservoir pool in a more nearly downward direction rether then = semi-
horizontel direction which would occur<provided,the-dr&in'was‘not pres-
ent. A slide in the upstream slope of a dem during reservoir drawdown

is ceused partly by the horizontal component of the.sespage forees which

;thegﬁr@in-in,

Wigl'aiso serve
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chenging direction of seepege tends to convert an overturning force to
-a restraining force and thus improve stability;‘which iz a major problem
at this site,

'3, @eneral Pilter requirements..- 'a. - Impervious and random

impervious. materials available are nearly all variebly graded tills and
modified +ills, ‘Classes 9, 11, 13 for impervious and Classes 7 end 9
for rendom impervious. This will provide filtefaction against move-
ment- of the random and impervious meterials into woids of the upper
+ ~foundetion deposit-of sand and gravel,‘ In event eny particularly open

' gravels-are encountered in this upper foundation-deposit, such will be

particularly prétected for filter action by covering it with definitely
‘variably graded soil- containing appreciable coarse aggregate. The sand
‘and gravelly: sand composing 12 foot pervious blanket will ‘act és an ex-
-cellent filtér between upper flood plain deposits and?émbankment'above
" ef pervious and rahdom’pervious'fills.

b.. The pervious sands of the shells will:be protected

ageinst washing into the dumped rock by a 2 ft. layer-of gravel bedding

-»which will be selected bank-run gravel meeting the grain size require-

.iments Showm on:Plate No.'51. Well-graded gravel-ocdurs in large quen-

tities in Borrow Area "A", end the meore pervious of this will be con-
centrated at outer faces of per¥ious shells to increase effective
thickness of the' transition from dumped ro¢k to-seand of the pervious
-shells.

. - D.  HEIGHT AND TOP WIDTE OF DAM. - The dem has a freeboard of

5 feet above the maximum surcharge of 15 feet as determined in Sec-

tion V, Peragreph-H.L of this Anelysiss It is shown' in Section V,

. Paregraph H.5, that:the meximum ‘wave height is: 345 feet and that the

T




—.yun-up of waves §ﬁ the 1 on 2-1/2 slope mey resch l,iaafeet-adﬁitional,
or & tétal of L.83 feet. The7riprep protected slope end the top width
of 30 féet,rconsi§ting of & bituminoﬁsfmécadam ngfgfé;gna.strips of
Nstabilized;ggaﬁgi %ndi?ﬁhngiﬁﬁed riprap along, the edges;,will effec~

- tively pro£eot agains£ apy,ppsgibie.ggmgge from- sprey or:wave action,
thuélsatisfyihg,criteribﬁ;E of Section VII. .

. E, FOUNDATION TREATMSNT.. ..

1. Fpundatioﬁ goﬁditions;;;:g;p-Pléte No.:aﬁ'éhcws”foundation
conditions with & @eep,deposit_of,soft;silt in the valley furnishing e
ma jor problem of stability. .

E}_{in.genefal,;;the;féﬁnﬁgﬁion,under;the~malley:seetion

of the~dam7133composed of ;5-20.£t‘oﬁ;gérviousﬁfioéd,plain:d@édsit OVér'
soft varved silt (silt, lean clay and fine sand interstratified),_va:y-
;ng up to 100 £t in depth. This soft silt overlies compact glacﬁél‘till'
which in ﬁﬁfn;generalxygqverliesui@tqpstrgtified.siit s?milar in gréin

size bharacteristica to the upper déposit;fbut extréméky écmpadtyi‘ﬁrob-

. B . o
ably the lower silt deposit was formed in a glacial lake and was com- -

pacted by a re—advanée.of;thefglaqier, while the upper deposit was formed
iﬁ.a.posf—glabialjlaksvg.:ﬁ--'

Ce-:In the boﬁtqmpofnthéﬁanekwm-bédrbékﬁvalley are -found
deposits of compact, perving,sandsgandggrafelso= The extent of this
deeé pervious deposit has not been explored completelj away from the dem
' site,.and_it‘is,gﬁtﬂknown whether thgs_?P#%éﬁ:PB?Vioﬁﬁfhﬁs_ﬁ? Qutlet
dowvnstream.

d.  The : right' abutment is_¢¢mpos§djofﬂésmpacﬁ,ﬂimﬁefv
vious, glacial £ill while the  left abntﬁeht is rock,wiéh.a reléb

tively shallow overburden of till.
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2. Treatment to improve Btability: - a. ~The soft varved'sils

founélatioﬁ of lowshear '-s"i;i'renlgij;h'prégéh"bg major ﬁréﬁlérﬁ"éf" stability et
this site, Treatment has been extéfisively studied, and the design
adopted involves four major features to reduch stress in the foundation
and to z.a.déél'erate;ré.te'sheé.‘r strengfﬁ increases as the dem load is sdded:
o (1“)' "Flat s'l'bl'ae:s"tb reduce .épp.l'i‘éd stress.

(2). Extended construction period of three seasons -
to aid fouridetion silt in adjusking itself to™™"
gradusl 1ged application.

(3) prain wells t?ﬁ‘bﬁgh- silt to accelersbte removal ’

“of water forced out of silt by consolidastion,
and "thﬁs"é.cée-i"er'ék‘c‘é gein in shear Strength to
' acoommodate applied loads. o -
() Relief wells to tep Buried pervicds deposit and
" aveid pos sibt li:"cir' of “‘fictation decreasing sheer
: :"f'é;tféng{t}i":'ién;'fdﬁﬁ&atioﬁ deposits ‘ot downstreem toe.
b. Details of treatmert aré stiown on inclosed plates.
Slopes vary from 1:2-1/2 +to 1:6 upstream and 132-.-1/2?.‘lto.'.:1“‘45 downstresm
as shown on Plate No. 56 (Sedtion at Station 15+00). Locations of drain
wells are sh‘own on Platé Nos 55- (Em‘banl;cment Details Wo. 1)s Locations’
of‘ relief wells tapping the buried pervious déposit are shown on Plate
No. 55 (Embaﬁlqnen’c'lnetéx'ils Ko. .1).
c. Analysis of stability and effect of drain wells is
~quite complex end is presented in detail in Appendix "A".

'3, Cubeoff ¥reatment. - Foundation will be stripped of or-

ganic and unsuitable meterial, includingtopsoil, from the whole area
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'"occppiedvby{thefdam.\ Thls materlal 1s from one to, two Peet degep on the

s rm — aiab b

~floor of the velley. .

2. Across tbe,vgl}ey_flgo;'a cut-off trench will be con-
rstructed'with a 20‘ft,bottomﬁwidthavﬁpyqugh;pgpgious sands -and graveis

- and carried to iﬁpgryiq@s;siﬁﬁhbe¢¢@¢g;Ehia;guﬁfgﬁgﬂtrsnch gbes 17 £
belcﬁ water table gndfwill'requirglsqmé.Wgtef;con?rpi'tO'work indry
and -avoid undue loosening of:si;tsf‘,

b. 1Exp1g;atiqp trenches will -be constructed from the
velley floor up the rigpyégndilegt abutments and will in general be
congtruoted as & cut-qff throwgh.the lessen fnpervious weathered ill
formipg.sugface_sq%ig}zgpy.iqoseingdisintegr&ted rock’ﬁhich may be en-

countered in the left .. abutment:below 15 foot surcharge will be re-

_ moved and a concrete grout cap installed, .The rock will then be grouted

to ploée.off"&n&;ﬂissuressandﬁorevi§6333 It;isfexgééted, however, rock
will only ﬁegencountqred néaﬁ the-riverrbgﬁka" | |

-+ ©+. This treatment will result in a compiete cut-off to
impervious meterial for entire lepgth of dem,. Except for the deep per-
v%QuQ;1ayer,,po,otheﬁﬁgeﬁviduS:channéléithrcugh«tﬁe»£bﬁndation:area
: shown by borings. This deep- perv1ous layer:. 1s belng treated by xelief
wells to: relleve p0531ble seepage - pressures.

F. .SLTTLEMENT;-'

1. settlement of the dmn over ‘the soft 51lt dep031t'w111 be.
to 16+00. Rete of settlement will.depend:upon-acceler@tlon;gﬁxconsoli-
datiqn¢py_drain wellsnwhi¢h.is-analyzed-iyiggyen§§fo{i;gettlements |

havaqbgen-gstimatedghy5q§mpgtation«from peSuitsrof“égnsoliQatibnftests:

R
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“PYats No. 52 indi satés totdl estimeted settlemént. dlong centerline of
dem; slso estimated séttlemenit st Station 400 wheis the deposit of
soft silt is the deepest at the toe of the downstream slope.,

2. Because of deep dep031t of 31lt under downstream toe there
will be con31derable settlement of toe drain as, well as embankment there,
"Plate No. 53 1nd1cates magnltude of thls settlement Whlch.W1ll be com-
pensated for by giv1ng proper camber to draln pipe so that 1t w1ll settle
to deslred grade._ -

2. In onder tc check actual settlement durlng constrnctlon
season, settlement ganes w111 be 1nstalled. From observatlons obtalned
by end of second constructlon season, the total settlement of dam will
be recomputed As necessary the top of dam W111 be raised durlng third
constructlon season, 50 thet 1t w1ll settle to d631red grede after con-
strnctlonlls completed :

G.  SEEPAGE. - 1 As cut off is complete; seepege Wsll be very
snall‘atlthls s1te:? It w1ll be composed of seepege thnongh the dam, |
jthrough the s11t focndatlon (nertlcularly send varves) between the llnes
of drain wells at‘each 51de of centerllne end thrcngn the deeply burled
.perv1ous layer to rellef Wells. -

o 2, For computatlon of maximum seepage through dam, random
“;no perv1ous sectionS'were conszdered as havang 1nfun1te permeabilltf.
?Flow net for seepage tnrough core and cut off w1th 15 foot surcherge is
.shcwn on Plate No- 5& Tnis:methcd of ccmputatlon is qulte conserva-
.tlve as random 1mperv1ous materlal hes the e*fect of enlargtng the core.

.._-,,._._

COmputatlon of seepage £rom th1s flow net gsves 22 3 x 107 LL'cfs/sta

Conslderlng length of dam = 2 600 feet and allow1ng for reduced helght

on sbutments, seepage through the dam Yotals 0, .0LO cfs.
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5." Qu&ntity of . flew of'water betwgen.: drean wells ‘15" computed

By formula glven by Muskat in. "Flcw Qf Homogengous. Flulds,“ Page 529.

. | Tl"rw R
The formule represents flow from one well in an inflnlte llne of output

wells, to flcw 1nto ) correspondlng well of an 1nf1n1te 11ne of 1nput

:wells.‘ Symbols 1n formula ‘have follow1ng s1gn1flcance and values- -

ky =
H= total head loss between two llnes of wells 90 ft.tﬂ
.a = D:stance between draln wells in llne dsive - éo-fﬁﬂcwv;
| 2d = Dlstance between the o lines of wells ‘ 22h £t .
| v = Radlus of draln well = 1/2 ft._', _—
“ ]')I.= Depth of well (assumed as 50 £t for everege) u :”
ip *- Natural logarithm, base 8. S

b
%

A 1ine of 18 output wells 112 feet upstream from the centerlzpe and: an

. equal 11ne of 18 1nput wells 112 feet downstream from the centerline,

BT

.for horlzontal permeabllltv of kH = 02 x 10'& cm/sec.% glves Q = 0 002
.cfs of flow from output line to 1nput llne. .
L. The bulk of seepage through burled pervmous layer will be

tapped by five rellef wells.- Computatlons for thls are in Appendlx A,

and estlmated maxlmum seepage 1s O h cfs.for 5 wells or .08 cfs per well.
5. In summary, total seepage through the dam and varved silt

emounts to O, 0&2 cf's at toe draln, 8 negllglble amount. Pos31ble seepe

_ age through the deeply burled pervious layer is estimeted as g, max;mum “

of 0 L efs Whlch is taken care of by a separate drelnage system from

flve relief Wells.

- 78—

horlz. permeabality of materlal between wells = .02 X, lO‘h cm/sec.
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H. - LINE OF SATURATION. - Plate No. 31 shows p031t10n of the line. -

]

of-saturation estimated from seepage computatlons. Even for rare 0G=: : n

eurrence of:a;maximum, surcharge of 15 feet wath downstream Yailwater; - .-

[

line of saturatlon is’ far w1th1n dam sloues.v The 12 foot horizontal

draindge ‘blenket draws. dowmn the 11ne of seepage §0 %hat even With' taide

'waterca$fElevatlon~5h§, practlcally all of the flow w111 be carrisd

through the. pervious drain, and the:d;scharge wmll céme out 1A the down="

streem, rodk tee.. -

"1, SPABILITY OF SLOPES.'- 1. Stability of dem slopes is depehdent

on rate of jgain of shear strength in foundatiéﬁiéiiéfaéﬁﬁ"%his*féature’
iscévered. in.detail in Appendlx "A" S
. For. collectlng surface rﬁnoff the downstream '$1lope” of

the dam is prigvided Wlth 2 system of.berms, gutters and drain pipes.

2. Slopes,of the-splllway entrence channel w111 be excavated
in glacial till_and.flgﬁtened to e 115;310§e‘b610w the spil1way crest,
elevﬁtion‘éBQ, to withstend rapid:drewdown., - Abo;; e berm et elevation
630;-the slope is steeper at 1 2. Théée slope; have not been analyzed

in.detail but desigh is based on & falrly complete stability analysis

of ‘e similar problem of spillway channel slopes in glacial £ill covered

. in analysis of designffor-Unicn‘Village Dam, July 1SL).

&. Between the entrance to the spillway channel and the
upstream slope gf the dem, netural slope of the abutment hillside is

relatively steep, maximum of 1l:1 with an avefage slope to the 620 conw

tour of 1:2. This condition is satisfactory for dry exposure, but there

is considered to be a denger of & slide on rapid drawdown. To remedy
this, and since material can be used in lieu of other impervious borrow,

this slope is being flattened to 1l:3.
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3. FA1L for: the weosss roaito thefmtake, torer w1l be con-
struc_t-ed' of: free d;rainj.ng; méxze%-_i-a-ls~whiché_ with El=:2;r:$ippe o WLl Ansure-
gtability, - O‘bhe;::'"_,s-'ail.rsl_o'pes;.o;f.: the -'ffbﬁnnél- intekeuchbnnel: are peiasb-ively
flafc-:a-:apé*; low: a\nd so: presen‘t g_IIbt;apz"‘sb.i‘;?:tn :{.’_L-n;..s.‘bgb'_l_-l_.ity@ e s o e

SEERETEEY . j";-;‘Sj].é‘.péé.;.‘i(-)f’“-_'bll’le -'_timhel-. outlet chaxmel invelve: deeper: .
excavation but do not present: any’ serious probi ex_n'-,':.;s:'.izic.é: Ei&erj& Wili;.‘only_
.be: drewdown from: tailwater; a: r_ela'bive__ly ‘mild: sondition of. flow drawe. - '

down. Deposits of uniform silt are indicated in borings.-on dhe: centers

+xline-of the tunnel:outlet. channel: neat ¢hﬁdqw{15'bﬁ§ampprtal, andr if

thgée? deposits: ext_enﬁd: to-'profp'cz.sed"f;ini-s-h_a&::fs;lfo'pés-,:i;sqme chapges mayt ben
required during construction i.:o. irﬁpifo\'re- sﬂ;a.bi_-lj.‘byi;. i Prasent: design.of:
' ':"y;2_5—_§;ilppe§.;:‘.wﬁ,;#l_rz_.g-‘_ﬁ_-; foot: berms at. 20 -ﬁo.ga‘b;différencés:ain slevation is
: cons;g;,ggrgda;_;_s;i;g;bljas arx—___das.-z'-._ée;-sc__ﬁhaﬁbl-:e : =Wiﬁh Anformetioniat present avaiiable.
Aﬁ,-.-_@;:qafr&'bi—ph;_ prgcﬁqd,s.?d,e'tailslz_._of-—- élo.p.é‘é;;c.an‘bé 'chéxfged%..&éhould conditions
p;pgjg._.di‘.f‘i_!e;'ﬁ;}"b;; from those disclosed by centerliné-borings. Further
protection @.f :slopeg from erosion by g-r'bun'd_ water is given.by pervious:
wedges. with base ;drai{nag;e',-v.ins;‘c:'a\,ll'igd uvhder:-12;inch-topsoil dressing as
shown, on. Plate Yo + 60 (Miscellaneous -Draina-ge_:.é-Detai-lfs:).": These pervious
‘wWedges..are inétall¢'d o.n the uphill sides-of. the channel only to .control

 high ground water fed down from the hillside above..

ey e



X. STRUCTURAL DESIGN



", -STRUCTURAL DESIGHN

A, SPECIFICATIONS FOR STRUCTURAL DESIGN.

l. General. - The structural design has been carried out in

general accordance with stendard practice. The specificgt;onszgontained
in the following paragraphs cover the general conditions affeqting the
design of concrete, reinforced conersgte .gnd struotural steel. Struc-
tural design computation will be found in Appendix B.' The structures
included in the strqgt?;a; design computations are the.intake structure,
gete shaft, tunnel, funnel - -transition, operating‘h;u;e;néﬁfiet portal,
spillway weir. and retaining-well. No structural design compuﬁations for
the trash,ragkgmanggﬁervice‘bri@ge are included in Appendix B -as the
size.and lpading,cgnditiqns-of these structures are the seme as that
used in Knightvillgupam,g (Reference may be made to Knightvillé Dam
Anelysis of D681gn, Appendix A, 1938 ). Ordinarily'stresses due to com-
puted loadlngs have been held lcw and & llberal use of relnforcement
steel has been resorted to.in order that un51ghtly cracks and fissures
due to-teﬁperature and uncertaln loading conditions might be avoided.
Expansion and contraction joints have been provided and-structural mem-

bers have been designed for stability end durability.

2.~ Loads. - a.. Dead loads. -~ Dead loads gomprise the weight
of - &he -structures, ‘hoists, gate guides, ete., and do npot include crenes,
gates or: any movable equipment. The following unit weights for material

have been used:
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. Unit
Item e Weight

] 7...'{. 1bs. ‘pPer. cl. 4.

PR LT
Mt E ey 0 e AT Ty Ty S e v b

Concrete, plain and reinforced 150

prick ¢ el TRLLAL g
Stéellq"'~-i,qﬁﬂ:: e ?. . leo)
ﬁfﬁ;f éarth T T [ R
ROQE o e S B ‘ i65'
b. 4Live loads, - Liférioédg"ds used in ccmPUtétidﬁﬁ were
as followss

Ttem or Meterial = = < 777 Weight

Water ' '(ii”""iéé{5"iﬁs; per cu. ff.'

Upliff' " yeriable, see specific section
;Wind ' I 20 1bs. per §4. Tt.

,Equipmept Y ' Agﬁ?ﬁrniShQQQby_manufdc%ﬁrers
Snow C R0 1bs, per sqe T

Design load on operatiﬁg” o
" floor slab ... 1000 1bs. per sq. ft.

Design load on operating o ‘ _
floor beams ST 100 1bs: per sq. f£t. of floor
! . , _area, plus maximum concen-
' © " {ratién from equipment

e T

Design'loéd on stairs 7 7% 1bs. per sq. £t.
Design.ioﬁa on gratings 100 1bs. ‘per sg. ft.

c. Barth pressures..-Rankine's formuld.is used in com-

puting horizontal earth preésureé for“&r& earth where drainage is present.
Where the earth is saturated and no draiﬁégeﬂbrovided,"an equivaleht
liquid pressure of 80 pounds per square foot is used.

3., 8tructural steel. - The design of structural steel was

carried out in accordancs with the standard specifications for Steel

Construction for Buildings of the American Institute of Steel construction.
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e ‘h Concrete and relnforced concrete. - In general the con-

orete des1gn has been governed By the report of “The J01nt Committee on
Standard Specifications for Concrete and Relnforced Concrete" on "Recom-
mended Practice and Standard Speclflcatlons for Concrete and Reinforced
Concrete" submitted in }9@0, Where any regulremente_set forth in this
report are not in accord&ﬁce'wdtﬁdthe:epecifdcetiohe mentioned above,
‘the requirements noted below have govercedithe deeignf

a. Modulus of elasticity. - Th the design of reinforced

il

conorete structures, the modulus of elasticlty of concrete with & re-
gquired 28-day strength of 3000 pounds per square 1nch was taken as
1/12th thet of steel.

b. Coefficient of expension. - The coefficient of expan~-

——

sion of steel and concrete is assumed at 0.00006 parts per degree
Fahrenheit.

c. Allowable working ‘stresses. - (1) General assumptions, -

The allowable stresses in conerete as wsed.in design are listed below and
are based on an ultimate dompressive strength in 28 days of 3000 pounds

per square inch.

(a) Flexure. - (f¢) . Ibs. per sq. in.
Extreme fiber stresses ih'comjressidn‘“  800

Extreme fiber stresses in compr6381on_
edjacent to supports of:continuous or
fixed beams or rigid frames = Go0

{b) . Shear. - (v)
Beams with no web reinforcement

and without ‘¥pecial anchorage of _
longitudinal steel | S 60
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Besams w1th:§gtﬁéﬁf¥étnforcemenf‘
but with special apchorage pf.
longltudin&i steel

Beams Witk properl&ﬂgéiign web’
reinforpement but without special
anchorage of longltudlnal steel

Boains With propefly'designe& wéb
reinforcement and with, special .
anchorage of léongitudinal steel

Footlngs where longltudlnal bars T

‘have special anchorage

Footings where long;tudlnal bars
have no special anchorege

(c) Bond. - (u) "

In beams and slabs and one-wey footihgs

Where special enchorage is,prgyidgd%
In two~way . footings.

Notes These stresses are for deformed
~ bars only. Plain bars are not
to be used. . |

(@), pesring. - (f6)

‘Jhere a. concrete member has an aree. at
lease twice the area of bearing

(e) Axial compression. -

In short columns with létéfél ties where
the slenderness ratio 'is not greater ..
then 11 o

() Steel stresses, -

TENSi0tenoaeaesenss.18,000

Web reinforcement...16,000

Compression. (nfe)... 9,000

Ibs. per sqg. in,

90
“iéb o

" 1807
60
“ho
100
200

7

arhjsnﬁ-

500

(g) Combined stresses., - In structures where second-

- 8l -

ary stresses develop from wind loads, impact, vibration, or temperature,

I
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‘these allowable unit stresses may be increased not more than 50 percent

- over the working stresses given in‘the=prebéﬂing:paragraphs,:proﬁided
“the section so formed is’ not. less than that nequired-bj_the.dead,&nd,live
loads alone. - However, in reinforeing steel; no’ combination . of forces
mey develop a stress of more than-EB,OOO-pounds.per.square inche. -

(h) Protective concrete covering. =

Minimum Thickness
Type of structure - s, Lin dAnches

Slabs EEEEX R .\; sresen 'I'lQ“ ORI .'c.o'-!.o:- e cl“l/ainches

_,B_e'&mﬂs -‘.‘g _g_‘o“-\"o‘ ;‘: AR RN EE X . Ve b e .“o‘o PAPRFEIRN 2 i
“ Heavy 'strudtures, reinforced against - i . - o0

temperature and shrinkege stresses,

,expd‘sed 'tO ‘Waterannjl-0Ocup‘c’o’ttviqa;i'o'i:-o'l\v. J—L B “‘

Bottom of slabs bearing on rock...esivé- Lo e M

(2) Special assumptions for hydrostatic heads..- The as-

‘stmed ‘allowable ‘stressés due'to hydrostatic loads under. different  con-
“Qitions are given béloiws. ' '
-f,'lfa)':For'struétﬁres~10-feet or more. in-rock 50 per
oemt’ of hydrostatis Head to spillwey crest,: '
Sl (b) Fér:struetires abeve: rock full: hydrostatic:head
5 spillway cresti v L e IR P L
'{6)  For hydrostatic: head with water- et surcharge

level an increase of 50 percent in allowsble steel stress was assumed.

B, OUTLET WORKS AND APPURTENANT STRUCTURES. -

1. General description. - The outlet works will consist of

an inteke structure with.trgsh.racks, 8 gate tower, a tunnel transition

'--8ection, and an outlet portal and apron from which the tunnel discharge

is carried back into the river. For plan end sections of outlet works,
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s¢e Plate Nq,,58;JQTheﬁqggrgtﬁﬁg@hqqssgfcontginiﬁgﬁ5a$é5gahdobpgka§ing
“equipment W"n be: located directly above the.gate:towers. All-the:stru e
tures willfbe:firmly“founded—anér upéﬂaSolid‘rockfand wiil be of rein-

forced concrete except theioPeratlngfhous¢twhich will ‘be of brick with

he“cr nexr&“rsfand roofi Fbr a

‘kﬁppend1x_B,_‘The more’ggqegg%"Qes;gpgcglpﬁrlagﬁpainj1oads and stresses

~ +will be found in the follcwing paragraphs.

2. Approaeh ehan

,;walls. - On the

upstream sxde of the trash raék supports the approash dhannel walls will
con51st of a 12-1nch concrete l;ning anchored wmth lvlnch dlameter rods,
to the 31des of the h on 1 slope of the rock cuty: The lining will'be

~reinforced: w1th 3/h inch dlameter*bars :18ﬂ1nches ori-centers both ways

for temperature.. Adequate dralns Will be prov1ded behind and through
the lining., - The floor w;ll be. 2. feet thick,-reinfonced?WIth '3/L4~inch

~diemeter rods, 1,fqotfon;centérshbpth_w@ys,ianﬁ?adsqpately anchored.

—

b. Trash racksuand:supports. = There will be  three panels

ot ‘trash racks,‘each composed ofIS sectzons. Bach section will be 8 feet
10 1nches wxde by 10 feet 3 inches high; seourely bound together by a
weldeduchannel'frame., The bars’ will be flat rolled-steel, round edge 6.

N e

flnches by l 1nch thlck and spaced apprOX1mately 13 1nches aparts. All

members ere d351gned for & head of 3 ve:the top of the rack, - =

':assumlng the racks to: be .50 peroent blpcked. -Nodesign computation for

o

:fthe trash racks is: 1nc1uded in Appendlx B as the size of the raeks. and

W

igloadlng condltions are- the same: as for Knightvxlle Dams . The trash racks

AF

., Will be supported by, the.side-walls end two piers. A reking platform
~above will serve as amccess to clean or fémove the racks, -

-kséﬁ;'



2 Lot @ g [Qenter plersy - The i Yower ‘portions «df the ipiers were

“designed to-take the diffepefttial hydrostatic pressure by donsidering it

es a framework which transferred the load 'direstly irito the base .slad and

by ‘centilever estion: into-the wills of theésgaté tower, The load on the
'. topyportion of the Pi¥rs wds transferred-dirbesly to the wills of the gate

- tower by meens of .cantilever apticn, + wol v fEin

3. “Intalle ‘tower. - a.* The intele tower will- be losated at the

cupstreen end of the tunnel and-is ‘foundéd in’solid roclk.. The tdﬁalfheight
" OF the tower frém'4Hé invert of.the turinel ‘to the opevating floor will
‘b -:1é5- Srfeet The “téwer Will -project approximataly L7 fe 6t inborrock.
. To 'effect a Petsdniabie saving in consréets the:thickmeds ol the ‘walls have

- been dédregssd’ insteps oward the top: ~For practisdl ressonis & ninimum

thicknGSSHéffzﬁﬁinéhes wag used: for the upper paft of 'the walls. Hori-
zontal construction joints are.provided approximately every 10:feet.
Bach service 'gate wsll within $he towskiwill have a steel steirway to

permit :safe and &asy bcéesg i wl]

T by THe HoweRTebove the roséf of thé tunnel was designed

“wrhorizontally ds e’ dontindoud” frame. Becsusé of the varying moment of

inertia within meny of the individual members it was-decided to'utilize

‘ the method of "column analogy" to determigq-thgmgtiffgessf fixed end
“‘moments, and carry-over factors for these membérs, —-On-findiig thé stiff-

- mess and cerry-over factors:-the assumption was made thab the vdriation

in moment of inertia was gradual, sudden chenges in section 'at sherp

© - corners being discounted.- Gorner pilasters were not taken into account

because it was corisidered -thot their length end oonsequeﬁt flexibility

- would have little effect on the frame stiffness and also becausé of the
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. by means of & concrete.stairway. Access from the.upper, basement to
Iower basement.will be by means of a-steel sbaifwayi o L o

Qs - SPILIWAY WEIR, =

1.-‘Analysis of ‘the stability of the spillweay weir as shown

.. on Pages 250 252 of Appendlx B has been based on the following eriteria

‘and assumptlonS°:'

| - &, Uplift agsumption  for sound rodkjféuﬂdétiéﬁs*séﬁié-
factorily grouted shall be full reservoir head. on the heel varying
uniformly to zero hedd or tailwater head on thé toe with an effective
- uplift aree of-507 of the«totai base: aren,

b ‘Uplift assumption: for s horizontal" plane thrdugh ‘the

mesonry shall be full reservoir -head on the upstream eorner varying’

+ouniformiy to zero-head or positive teilwater. head on the,dowﬁstfeam cor-

- -mer with ‘the effective uplift area equal to 50% of the total erea.

9. When the total compuped heal. pressure is squal to the

ugfacemputed*uplift*préSSufe;fthe;uplif%ipressﬁfe'for sound rook foundation
v or horizontal planes'thraugh,masonry‘shall be applied to-total area of

_,_}baséfor horizontal plane.

' :'d Slldlng Iactor for-weir without. speclally d951gned

:~shear keys or cutoffs or stepped foundatmon shall net exceed 03
Efn‘Foundat;on.pressures shall not be excessives - -

< f.. Fackoy of -safety against overturning shall be not.

euboff. or. shear - key w111 be provided. Moreover, 8 keyed. cOnstructlon

301nt-shou1d be used af. the top of the upstream'cutbff, since 1% is

-0



. considered essential-to provide a positive.meohénical means oi trans-
mitting shear across & plane of potential weakness ceused by the abrupt
“7.change in- cross section whére thé relatively. narrow cutoft trench joins
*fﬁe‘mQSSive5concrete:in‘the Wéii;:f.;“**"x =

The top monolith in the weir will®have & miviitm height
‘of 8 feet to insure stability of'the=uppe?vpart’of‘tﬁa*Wéir under all
conditions. - .

4 downstreem cutoff Wwill be provided to’ protesct the toe
from underminimg due to excessive scotrs

2, Stebility computations s shown on’ Pages’ 253+255 of Ap-

“Pendix B'were also made to show the section ?éﬁﬁi?éd&wi%h‘uplifﬁ"éééumed‘%

i goraet on 67% of the base. A slopihg Upstream face ziving e base 2
feot widér than the weir with veréicalﬂﬁpstream-facéJWbu&d'Bé:¥equired.
" 8ince'it is .considered- thet an uplift‘aésumptibnﬁdf'BO% is suffidiently
' gonservetive for the Claremont Spillway weif,fthe'vertiballuﬁs%fémﬁ
face has been adopted. Clew

"D, |'DESCRIPTION OF .OTHER STRUCTURES.  * °

‘1. Retaining wall. - There will be a retaining wall at'the

south ehd of the spillway weir. This retainihg wall will be- founded on
. rock end will be of the gravity type. Gravel drains are provided at

_ the reer of the.wall ‘so-that uplift was neglected. and the wall designed
¥ )

for the thrust of dry earth on thé back side.

2. Service bridge. - The service bridge will commect the op-

erating house with the roadway which connects the top of dam and’ pro-
vides sccess for pedestrians and for vehicles tremsporting gates end

sther equipment to the operating house. The bridge will consist of two
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equal spans of 70.0 feeé from center to céﬁter of.géar;ngs. “The - 1n£er— e
-mediate pier and bridge abutment will ‘be'of concrete moderately rein- -
" forced for bendlng and” temnerature end will be founded on rook.".
Bridge seats will be”prov1ded‘on-the wall’ of_theroperatlng
‘Housé and on bhe-bridge abiitment.” T‘h‘é”‘é_ﬁi‘éai-g’ht'éﬁoz';a??plate girder "
‘design was selected as being the most economical ﬁypefdf"structuféff” -
Each span will cbnsist of two p}q@e girders, 5 feet deép and 70 feet
—Ith,-cenﬁe;;toﬂcghter'of-beariﬂgg,jgrhg floor will be & reinforced
conerete slab,gsupppﬁtgd on thé>éird§fsi'WﬁiCh}wiil'bé¥7‘feetié inches
on centers. _The slab will projeétéqs;ﬁgéantileve¥7;vér the girders on
either-sidé, providing a roadway 12"feeﬁ'wide-betﬁ63n 1 Téot;é”inéh'
wide -curbs. - The railing will consist of two horizontal rails of 2-1/2 n
'.in¢h;squqréfﬁﬁbing1With;gﬁanﬁqlS”wglﬁeg'ﬁ0'£5é7tubfﬁg?and slotted for
vertical squere bars spaced apprOiiméfély:s"inéhégféﬂ*béntérS} TS
intermediate i -inch square posts will be placed between each pair of
concrete posts,_ | h
The design conforms in eIl respects with ‘the ‘Specification of

Athe;Ameriqan'5§sq¢id§ionqu;staﬁéfﬁighway?0&fi¢ié§s;;§gcond edition,
11935, Stenderd H-15 loading was sgsumed No ‘special loading W con-
sidered in transporting:g ga§gma9gp§s Qpe bridge as the combined load
.:i0f one gate qnq.trygk'wi};Gngt#§§é§e§'thﬁﬁ”ﬁf_a staﬁéé?d H-15 loading.

. Meximum stresses, both tensil@ end “sompression, will be below 18,000

;pounds pe;nsquafe”igqh?ljﬁq;qgs;gg bompgtg@iqﬁufgf'ﬁhé sefviée bridge

. is included in APE?E@ix}EH&S;#%?.Wiﬁth;_ééén length andfloading condi- =
tions of the bridge are the seme ‘as that uéed-fdr'ﬁhe éeéighfdf'ﬁhe s

“ . . - f re

Enightville Dam bridge.
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3. Access roads. - Access to the dam will be from the

- doft abutment and will be provided by_Unify Road, a portion of which
will.be relocated by the State of New Hampshire. Access to the spill-
way, rdkiﬁg plétférm; aﬁdkfiVer véiley‘dOWHétféﬁm‘of'%he dem, will be
‘ﬁ;provided by paved'roads: adéquaté draihége'béiﬁé ﬁf&;ﬁdé&iﬁj;aiééﬁés
and reinforced conerete pipe dulﬁerts wﬁefe fe@ui;ééf ffﬁé'pééd 6ﬁtfop
of the dam end the access roads will be paved'ﬁithreilfé ihghéé 5f;

" pituminous macadam. J

oo [ s
Il - KR

E.  ARCEITECTURE.

I. Intake tower sﬁperstrﬁcture;‘é_d.;'Thé intéke towsr super-

structure will be located on top of gate‘fowér;andrwill'Be éf“médéfﬁ
design, 3L1-7" x L71=7" outside dimensions, with & flat roof, brick and
glass blééﬁ.extéfior with oast stote. trim, The rocf §lab will be
covered with four ply built-up fdbfiﬁg over & cinder concrébe £i11,
sloped to drein toward two scuppers and exterior copbef léadéfé‘lécéted
on the east side ofiﬁhe'ﬁﬁiié{ﬁé.' Theﬂraéf}is ericlosed by e brick
arapet wall spproximately 3720% Kigh. Ascess 6 the roof will be hed
by & steel ladder located in the interior of the building and en alu-
ninum cover roof scuttle with compensating ﬁinges.

b. The standby unit -at the operating floor elevation
650.5, will be enclosed by removable metal wall seotions and steél roof
deck. Wired glass will be used for glazing the partiticn. The area
enclosing the standby ﬁnit will be heated by a warm eir furnace located

in the heater room at floor elevation 6L0.5.

2. Buildings., - a. ‘A six-room Cape Cod type frame house and
a two car frame garage, of standard construction, will be provided for

the operating attendant,.
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b. A combination utility "buii‘c’iii";‘»i‘é*é’zid two car gerege of

—

frame constz;uctlon, with concrete bétwsen studs Will be prov:tded “with .
. facllltles for stormg tools, ‘meintenance equlpment and samtary p-ro- .—1
.’v1s1ons ‘for PUblTLc u’se. i | L ¥
o I -'Entrance::geft‘é‘é’-;‘-’ériff"’”%‘\i?l’*l’;.f 'f’.‘. Therew:.llbetwodrweway
' ?.:‘-gat'éways_,” 2ly1-on w_idé-,‘ -ﬁit-ﬁ.*p-iéfé;‘?ii’iao"' 'hig’h"é’ihd :- csn'é @-éaasmah ga{-:e L
61-0" wide with piers §t-=" hlgh. ""I,;he' 'zﬁ'a-’s'onr*y for 'piers".of 'drivéﬁay )
gates and pedestrlan gate w113. be oi‘ dressed random coursed ashlar._
The wall will be 5'-0" high, ar-o" me and of! mortar Fubble
‘-masonry. All “stone w:Lll bhe. obta,:t.ned from local excavatlons. _éhé :.drivé-_.
way gate plers will have “a. ‘réinfor ced .-‘eoncre'be cere.-.- Ga’ces will be
"~ constructed of ‘cdpﬂer" b‘éé.r‘ihg : S:E'eé“i:.: R
l)_ "The" drlveway gate plers ‘will eaoh have n’ élecfrlc
llghtlng; f-' xture ‘and thé pedestrlan gate one’ electrlo llghtlng flx’cure, ‘
,
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XI. MECHANICAL AND ELEGTRiCAL'EQUIPMENT

Lo

A. GATES. = 1. The flow through the tunnel w111 be controlled
by three caterplller-type self-01031ne service gatee 6 feet hlde by 12
feet hlgh in the clearj. The getes w111 operate 1n vertlcal wells extend—

ing the full helght of the gate structure end will be controlled from the

AT
)' S e

1ntake tower superstructure located on . top of the structure. umergency

gate wells will be 1ooated dlreotly uPstream from the serv1oe getes. One
emergency gate of the same type es the servlce gates wlll be prOV1ded.
b1 s a2 "':A v o »

It w111 be operated durlng perlods when any serv1ce gate is 1noperat1ve.

'Thls type of gete~wes selected as. 1t is partlcularly adapted to the 1n-

- 1 F .

tended use. It ms self-c1031ng under all condltlons of heed requlres

‘less power to ralse because of lower frlctlon coefflclents, has no slld-

ing oonteot between seals, bottom seal may be adgueted to insure a tlght

. - . e . 1)
s 1 N 3

gate, end in general, is of szmple desi n eesy to malntaln.
T R ) Cider

2e The body of the emergency end eerv1ce gates w111 be con—

structed of structural eteel wmth no member 1ess tban 1/2 1nch in thlck"_

¢

ness“or.stressed greeter then 10 GOO pounds per:square 1nch in tension
:under full load 00nd1t10n8¢ Seals wzll be bronze, and all movmnm narts
of corroelon reslstlng hardened steel._,Unlt stresses-used in the design
(ef?steei oastings will not enceed one—eixth of the ultimate strength of
the steel used. A fector of'safety of 15 will be used for casitings
subject to_severe shock or vioration, and a fagtor of safety of 10 will
be used forlcestinge‘subject to nild shook. |

3; - Cest iron condult llnlnvs w111 be embedded in concrete

4

between the emergency and serv1co gate fremes and also to a polnt ap-
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proximately 12 feet belcw the service gate frames. The linings will
protect the concrete’ frcm cavltat1on and ‘erosisdy Aif vents will be pro-

vided in the ceiling of the service gate conduit‘linings,'direcﬁly‘ddwn—

stream from the gate frames.  The véﬁ%é“ffdm”fhe'géféé ﬁi1i ekéeﬁd'fdfé}j'

common header from which two shafts will extend upward to'épaningsfjdsf'
below the operating house f£loor. Each'ﬁeﬁt shaft will have an area of
7 square feet,

. B.  HOISTS, - :ndividualfelectricﬁpowered-é%étioﬁaf§*¢5b1e Hoigts
of TO-ton capacity will be.provided.fo raiséjéach éefvfée gaté at.é;;ﬁeéé
of: approximateiy one foob per minutes The hoigts will heve pus'hubuttoﬁ:'
control and be equipped withrmechénical'and electricéi‘Safety devicess

Hend cranks will be prov1ded for use in the event of power failure.

Co ' CRANE. - A 60-ton capacity crane will be’ 1nstalled to OPerate:T

the emergency gate in any gate well. It will be equipped with an elec-
tric powered §6ist end hand operated bridge and.tfollay travele. - The
travel of th?'bridge and troiley ié”éo"arraﬁged"thafléhé orene hook can
be mojéd over any gate well, This'Wilinfacilitaie the ﬁakiﬁg of'feﬁéiré
fo-sérvice gates, hoists, ete. The erane hoist willlhave & liftihg o
speed of approximately one foot per minute. The capacity of 60-ton was

determined by consideration of the fact that the probsbility of ever

having o raise the emergency gate against the meximum hydrostatic head

is most remote, but should it ever become necessary, the imherent addi- |

tional capacity of a 60-ton crane will be sufficfenﬁ te do so.

D.  STANDBY GASOLINT BLECTRIC -GENERATOR UNIT. - A gasoline engine-

driven generator will be provided for emérgéncy'opérationjof_the gate

hoists and lighting system in the event of failure of commercial powsr.

..96..
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The unit will consist of & 70 horsepower four-cylinder gasocline engine
direct connected to a 240 volt, 3 phase, 25 KV generator mounted on &
common base. The standby unit will be of ampie capacity to start and
operate e¢ither the crane or one gate hoist,

E, LIGHTING AND POWER SYSTEM. - ,The lighting system will provide

for the illumination of the operating house endthreel,000 watt outdoor
flood lights. The system will be 120 volts supplied by a transformer

so connected that it will be energized by either commercial power or the

standby unit. Lights will be controlled from s lighting panel board set

in the wall of the.operating house. The power system will bé 2&0 volt
% phase 60 cycles, ope#gting from either commercial current or the
stendby unit. .A penel board will be provided to distribute the power
to the various items 6f equipment. All equipment will be protected by

appropriate safety and protective devices.
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XI1.; CONSTRUCTION-PROGEDURE _

= ‘A-'. SEQT.LENCE OF QPERATIONS -, The total period of time, and the

sequence qf operatlons as. outllned below were, chosen to permlt the most
economlcal employment of men and equipment, to eneble utlllzatlpn of the

flood control installations as early as practicable, and to keep con=

'strﬁcfioh and ihterest costs to the Goﬁernment at a minimum, Embank-

ment constructlon will commence as soon as possible at the start of the
progect and, s0 far as p0531ble will contlnue at e unlform rate through=

out each working season. This will result 1n a gradual compaction which

.7'w111 1nduce a stablllzed oondltlon in the soft foundatlon and av01d overs

f

loadlng whlch could cause fallure by snearlng.; In order to asccelerate

consolidation of silt foundation,‘drain Wells will be installed in the

first conéfruction,season prior to placing of any embankment load on

ﬁ&iley seption, Piezometers will also be installed by the Government

at this time to provide -a record of variation in excess pressures. Re~

lief wells for release of seepage pressures in deep pervious -deposits

- will béiinstﬁlled.during the last,constxugﬁibn‘seqsonlin'otder to mini-

mize distortion.from possible lateral movements in the silt foundation,|

[ L

: The prooédure oublined will permit the éoordinaticn of operationé 80
that most of th@ materlals exc&vated may be placed dirsctly in final

pos:tlon. The method of closure planned is one which is least qonduclve

to fallure by cvertoppiﬁg of the incompleted embankment. The highway
and ra11road on the northeest bank will be permitted to remain in serw
viee: for the longest peraod practicable;

It is assumed that the construction period will extend over

approxlmately three working se&sons, besed on the assumptlon that the
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ébntraot award:will be made iﬁ‘Mﬁy 6r June. It is expected that the

constructlon W1ll be completed w1th1n 915 calendar days.: Ko Work w1ll

- be. permltted on the emb&nkment fill dur1ng fr9321ng weather. No con=

4

. erete work Wlll be permltted between Nbvember 15 and March 15 of any

‘ season except wlth adequate oold weather protectlon. L

The m&Jor 1tems of work involved in the constructlon and the

1tems of'work planned for each constructlon season. follows.

1. &MaJor,ltems of work. - 8. The maJor 1tems of work and

. estimated guantities for aach_lﬁgmqfollcws,

SErippifg = = = = =~ = = = = = ~ = = _-,;---f-\- 152 000

Earth excavation and. borrcw SRR LIS »_- - - 5,668 000

-_Rpck excavatzon, open. cut sloping 31dss

- Under Schedule A (see subparagraph b belcw)- - - 33&,000

Under Sohedule B (see subparagraph b below)- - 51 OOO

. Rock excavation, open cub, vertlcal sides (by close
drilling eand broaching method or by wire saw ‘

metnod) . .
Under. Schedule Beomm e = o mmm - 260;000
- Book excavation, bummel - = = r % - ; -mm e o | 10 ooo

Earth embankment (1nclud1ng gravel beddlng) . - 3,11h OOO:

TOPSOil = = = = = = = = m s e m .o o 50,000
 Dumped TOCK = ~ m = k wiemomm e m e om e w 262,000
Conerebe = = m e mmw et o eooe oo 12,000

CUe.

CU,

Clle

Clle

Clly

Gl
CUe

Clle

Gle

yds.

yds,

de.

.cu;ufdg.

yds,

vds,
yds,

ydse

yds,

de »

b. The difference between Schedules;A'aﬁd B lies in

the method of excavating rock, opén_cut. Under Schedule 4, open cut

:,fquhexoavatidhﬁiﬁtypg intake channel, outlet chennel and spillwey

channel will, in general, be performed with the sides of the cut sloped

-
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one horizontal to four vertical, Under Schedule B, open cut rock excavow
Cbion in the inteke channel, outlet channel and spillway chennel will, in
ggneral,;be performed with vertiqal.sidésfby meané df close driiling
';and-broa¢hing méthod\of by the wire sow method. (Sée-Section IV; Para-‘
graph D.Ql:') . |

2 PFirst sesson. - During the first construction season.it

is'planned_to:
(a) clear andrstfiplthé‘dam,site except for the river.
. bed éné’abuiments;'. | |
(b) install fowndstion drains.
(o) excavate and backfill the toe trench ‘and cutwoff
trench cxeept .in the river bed and abutments,
(d) excavate the river relécatfon chsnnel,
T (e) bompleté & oconsiderable poftion of the excavation
for the outlet works, ’ |
o ;;L; {f),L§q$ménce:ﬁhe exdavéﬁion fﬁf the ‘spillway.

. e *'placs 1,000,000 oubic yards of the earth embamke
ment to EIevaﬁidﬁfééé;.éppfokimaﬁéiy,‘ﬁn the area between the fhilféﬁ&
L}gn&-the fivdr_féloéq£ion“channei. (See Plate Nos 55). |

.gh)jgéxcavaté the rock portion of the relocated high~
woy Mo, 11 on the rlght abutment, o |
. '(i)' construct the'garage and‘utiiify'building.
(3) ocomstruct a portion of the-déceég roads to subgrade.

(k) = commence landseaping operations.

The Stato of New Eampshire'will complete the highweay
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.'**de%our oﬁ thb 1QT£'ébutﬁbnﬁ[ﬂiﬁéiﬁéing théﬁcbﬁﬁéﬁﬁiﬁg pbrtibn'of ﬁho“- E
rélocatod highway, 'bjrﬁche_ niddlo 6f tho -sf»ir.stz-:s eason (8¢ Piato Woe 3)e :
ALY work-for this rdad‘cbnstrucfibﬁ:wili be performed by the State oxocpt .

L hi% Fook cxoevation as stated in {(h) -'abo'\rc.wi‘i 11" bo performed by tho
United Statos} The rciocﬁtéd highwaylwill be aqnpictcd_by'thq State .of - )
Mow Bompshiro by the ond of thcfa.rs‘csoason. I :
Botwcon scasons only such constructlon as w111 not - bo'
affactad by frcezzng and c6ld weathdr W111 ﬁako pla@e.
Pe Sooo;zd SEASONe = -.Durlng the socond c_ons‘bruc"bi'o_n scason i%
is plennecd to:
Tl (EY sbrip thoe righﬁzaﬁutmeﬁth*k’
(b) oxcavaﬁe:an&fbaﬁkfillftho'cuthdﬁf*ﬁrenah.on‘ﬁhcﬁ"
right abutmenty: i ! |
{o0). éoﬁplctea?ﬁh‘c'*éx'ctuva‘c'idﬁ"fcs'r. “the otk lot works and the
canstruction of the inteko channol,.outlot chanmel, stilling basing: “
turnecl, d@whéifbam«portal and ‘the intake towor substructure,
‘v (d) oloso offithe relilread and tho highway on the right
i -i’a’-bﬁﬁﬁcgit and lds an additiondl .;-1-;650.; CRO “qubic yards' of vcarthits. bring
tho embankmont uﬁ;aft_o;El'cvs':"tionﬂéél", approximatolyso{soe Plato Nog F5)e
"(e)ffcBntinué*the”oafﬁh:dndrfmcktoxcaﬁatiQn in £he spillway,
(f)  construect tho.seﬁ%ﬁédaﬁridgqipierﬁﬁnduabﬁtmoﬂt.' =
~(g) * 'c’dﬁ""éffu-ab the 'cpcfat orts’ ‘dwélliﬁg.‘ : :
{n)- bbntfnuc'conéffuctioﬁ”df“thé accesé_rogds. )
(i) contimue 3,9.’nds'craping‘ oporations, "
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cdie Third;éeason..efnuring the!third construction season it

.15 planned bot
_(d) construct the upstream agd'#owns%ream diversion
cofferdams :and divert the river flow through tﬁe cutlet works.
(b) -strip thO“rivorboa?apd left abutment,
(¢} excavate the out-off tronch, construct the grout:
scapmand:porform:thé grouting operationsy | e . «;>'
(d) coﬁpletc the.closurc soqtion aﬁd £6p of the embank—
mentﬁinclﬁding'theiapproachiembankmcnt-tq?tﬁé=se;§iééiﬁfidge.
o (8) .complete the spiiiwaywexbavatgdn anﬂ‘cdngtruétjtho' '
Cretaining wall and:spiliway weir (placing;of thé'éond?etg_in the §pille
-way weir will ‘be retarded so as to keep a;ﬁinimum cléafﬁﬂéé of 10 feet
“between the top of the spillway Wﬁi?;;éﬁﬁﬁfuéﬁiog and tho top of tho
dam construdtion), . o o 2 b |
| (f)rqqonstruetithe|intakc %qWer-superstructure.'
-h'(é)f é6nstruot the service bridge.
‘(h) 'comploté the rotarios, perking arccs, accoess roads,
ﬁgrading,'lanéscaping, clexnup operations and 'all o%her work reguired by
F%hthejplaﬁs and spéciﬂicétions fon'the*coﬁplction-of(the entire projoct,
“. " (i) . perform all other work neccssary to complete tho
-entire project.
o '-(j)- elean up the site,

LB,y - DESCRIFTION*OF”VARIOUS-OPERATIONs;'

~om 0 1g o iClearing, = Clearing operations afe-dividcd into clooring
. of the dam sitc incidental to construction, ‘and c¢lsaring and romoving

structures, trees, and debris within the roservoir aroa. Clesring of the
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dam §;ﬁguinvglve§;rcmoygl'ofjWOQd:an@;brgghuggdjstypgyuros'within the
arca QF,?bq;fopndatipn:of_thq.daggkgupleté sp%l;wqy?;and achsg_;oads. -
Cléaring~of‘thM:gggerE;.qrcaﬁi§;ospggiq}ly,§uited{for soparate con- »
troet; ;tii§\nptiurg§nt.iqgcqnﬁqgt;dﬁ wi@@fthgﬁéongtrnction of.thc §am

and involves, settlement of questions portaining to righ#seofuway and -

Ll

other nogotiations With-lqc&ljauthoritios.f.;,‘

2e - River diversion,.= River diversion ot Claremont Dom will

.

. consist“of;twqa36paﬁato,operatipns;(Sqdi?l&tcqua'559; First,¢relocqtion :
of a portion of tbohex;sting5riverwqu;$hrough-ag5§~f§otﬁwidefchann91
excavated at the start of-the prﬁjéct; ond se¢cond, dﬁvor§ign‘fhrough
aﬁthqftunnql; g@;?heabgginninguof tho;third construction SOason?faftgp.tho‘
_ouflct'ﬁorké:hQVO'bQQﬁasufficiqnt1ycaomplotod;to cgrrygthp_rivqrufygw.

. 2e . Bologcation channcl, e;A#qhanne;,¢50ﬁfootringﬁiﬂth,

with an approximate siope.of 0;005 will.be axcavatediforAthe purpose:of

| stramghtenmng the rlver at the dam slte, and thus parmittxng a grester
vquantlty oflembankment to be placed northeast of the closure sectmon.
o The maximum flood Qf record Narch 1956 ha.d an estlh'
- mated peak discharge ot the dam site of 13,&00 c.f g at a river stage

cof about 535.3 m.s.l,.\Aiflood of this magnltude,woul?ﬁgaggA#hrgggh}the
PTQPOSGd;qlqgure g@pgqigan averag§ivelqc;?yAof;%bopt%g feét per second,

Excessive erosion %o the partially constructed embankment along the benk

T

Nt

_of the relocation chgnnel, duringqflood stage, -is n@tfahficipated for o

%, . t . L . e } -

two reasons: (1) a 100~-foot berm is provided between the edge of the 5

- . channel and the toe of the partially.oonsbtructed ambankment;thus)pro—

viding a graaﬁgrﬁqggg51seo@ionalg&reghﬂqr_aﬂgtvgn;ﬁlaW;‘QE),the:channel

s}

- is so curved that the tendency. is for,érosionﬁto:ppcurﬂon the bank-of -~ e
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the. channel opp051te the embankment. (See Plate No. 55).7

Dlversion through tunnel.'n The capaclty of the out-

nt let tunnel is- suoh that it w1ll pass (1) B flood of 10-year frequenoy asg

LA L

detormlncd for the constructlon season froan@y lst to Ndvember lst, and

f(2) tho outlnt dcsagn fload'whcn the - pool is at splllway crest elevatlan.
Sk stndyofthe hydrographs covering & contlnuous pcriod of: 15 years shows

.that a:flood-of?lO'yoars' frcquoncyihas dctcrmined for,thejconStnuction

j" .

scason, is cquivalent to a flow of 5200 c.f.s,‘ U51ng a rate of flow of

;5200 e f.s. and-a; 16~foot: diameter. tunnol tho rcqulred olevatlon of tho

.maln coffordam'was oomputed to be 550.0 m.s.l. Allmuance is made for

pondlng'ln tho reserv01r.--Hydrau110 computatlons also reveal that thc

outlot d031gn flood requires thet the ouhlet be : capablo of dlscharglng

6200 ¢4 fese 8t spillway crost. elovatlon or 3032 c.fis. &t the mEin coffor-

:dam.clovatmon“o£f5)0.0 MeSela Ehuswtheudotormlnlng'factor for'outlot

capacity and cofferdam height is tne reguiroment that the outlet*bé"

ca.pablc of rassing a stream flow cquivalont to & .flood of 10 yearst fre-

cQuencye

Thc flrst operatlon in dlvcrtlng the rivor flmﬁi

-through thc tunhol’ w1ll bo to construot upstroam snd downstream divor-

sion coffcrdams to Elovatlon 532+ meSels Thc functlon of the upstream

. coffordam is to protect the boglnnlng of tho constructnon of +thé mein

¢

icofﬁerdam,agamnst normal stream flow, “Tho first stage- of “the elosure

sootion; which is in fact the main.cofﬂordang will then be placed to a

‘%top cldvation of 550+ mes.1. Tho other stagos of the closure scotion

willi be constructed as. described in tho following paragraphs,
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,";s-truc‘bf"d by: -bhe rolled—-flll method‘.u __DI'&

5. - ‘Embanimeht. constructﬁ.on. . Tho -embanidrent: will:bei: oon—

ol 'iﬁill--be :Lnstalled in

the :::'founda‘tl onj' 'b_ofor:o ;'p;'l:a-:ci ng--"omba:nfmpnﬁg- - Apprbx&ms.‘b"éﬂy P—CE-‘_', 0"09%;@@6'0 “oublo
- yords oﬂ-;::.Ombﬁn-kmoﬁtz ma tormlwillbo -ﬁld’c‘.dd . durmg o.o}'ch ‘c-dﬁé%.rtictionf-

. - soason {n aocordanso with ho sohoho oublingd on Platé Nou 55, ~Dipod
i :'-:I:;oc':k:. and f‘im@'erv‘i:oﬁs nﬁ_#é:rié;%lg:w;i_'li bo dbﬁd_in-od1;':-f;g_§§h; ‘spillway .and oublot
" isworks oxcavationsq Graveland (poryious: £111°widl beiitkained from'the

T - . Y S -. R T
. . o S AR T ook R AN

“ borrow aroae < ..

o %he ?ri:‘rsfc Sonstruction scason the portion of the: onié
" bemkinont: in tho:axes botwoon the railrond ahd thelriver Bélossbion will
| :bo brough‘b up: to Elcva’tlom 565. T In the: socond constructioh s‘easom this
‘port:.on .of tho embankmont w:.ll e ¢ ex-bondod 'lso the righ‘b abutmenv'«ﬁ.ndr
' _-br.ought- up “tanlcvatl-on _621._ In the thln‘d,rcons‘tnuctlton sea.sqnqthe'“_d.l'-—
- vors:n. on c'é':'f‘%fof'dw'z:s'-wil‘lff be o oﬁs:"crizé't‘é’&.' the river: i“low WiLL Vo divorted
'bhrough 'bho ou'blo‘b WOrka-‘-;-’z'“"bhev olosura soc‘hi oh' i 13. e placad and tho
entiro ombankmen‘b will be’ oomple'hed. l
B . The closure sect1on will 'bo construeted in stages%-; This
will ‘bo asccomplished by placing & serios of borms parallel to the 6mb§nk-
mentcentcrllnm Theberms .w:ili -be. .of. sufficiont -;wiadth; to '-p:e_'rmi't Lurne
{,-'ia:?iglféndz movement. of ;ibh.@';.l aqud.pments,; - Each s%agew:Lll e :constructed as.
ropidly. as is- consistent. with safety and tho requirémen‘bs for rollede:
£ill construction as. outlined dn 't’io speoifications. ~Plate No;—=--5?—?‘-,"my
bo-uscd as a guido to the procadire,. The usc of modern -construction. -
equipmont -and standard mebhods Q@e.:b;cnst;rucfc‘ipr;,alfe.; conbemplited through-

oute Tho --1;0.1-§L.é_d- £311,will be placed by.trucks. or opailer-wagons and
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rolled by sheeps-foot rollers for the impervious scctions and by tractors
for the porvious scctions. ,Séttlement gages will be used to determine tho
sottlemont ofAthonfoundatioﬁﬁ"For-cfdsSASCctioﬁs‘of the ombankmont soo

Plates Nos, 56 and 57 .+

‘hef._Outlct-works;”sﬁructures;'gatos;'btcf - By the beginning

of tho third construgtion scason the outlot works will Bo sufficiontly

.. complotod so.that the rivor flow ban'bb‘divorted:thfough'tﬁé tunnol, .

‘Bxcavation in the inteke and outlet channols mey conimoncs ot the start

of the first gcason,_but-oxqav&tidns'atntho‘iﬂfﬁko'étrdéfuéo and tunnel

must be deferrod until-about.the midd;d 6f tho firsp[season'when,tho'

highway dotour and the, comecting pottion of the Wighway rolocation. on

the left . - abutﬁbnt‘will‘bewcoﬁpléted; Upon' complotion of thc,oxéava—

tion the concrcte will be placed in tho intake, intako tower, tumocl, and

~outlet portal, The éomi~étaol tunncl linings scotion and tho gato guidos

7

-.and guard angles in the transitioh will be »lseod simultancously with

. ‘the concrete,, The gates will be placed in closed position to in;ﬁrc'a

4 ) ) .
'_-ﬁaorrpqt £it ond left in this position whilc thce conercte is being pourcd

around tho linings., Immediatcly before the diversion of the river, the

_goates will be removed t6 permit completion of the. intake fowcr and oporat=

~ing house, -

No spoéial cofferdam protecction is considered nopesséry for
the cxcavation and construction of the tunncl and intake structuro, pro=-

vided thot the material adjocent to the river is left intact until such

time as_thgre_ié_no longer need of protection from-high wator.

,1 C. ~ LABORATORY AND FIELD CONTRCL CF EARTHWORK,-

1, Field soils laboratory, = For désign purpocsos many tests

Bk (e
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have boon porformod by the Dlstrlot 80113 Laboratory on 5011 samplos
from foundatlon and prospootlvo borrow sources, both in dlsturbod and
undxsturhod form. For oontrol of construotlon ‘and to. obtaln as-bullt
records of onbonkment oonstruotlon and foundotlon troatmont a fmold
so6ils laboratory w1ll bc cstoblishod at tno 31to to cl&sszfy motor1ols

from oxoavatlon and to aid the plocomont and control tho construct1on

' of oarthwor; in ‘tho dam, splllway ohanncl and other mlscellanoous items,

o

N

The fiold laboratory Will be staffod by trained soils

inspootors and oqulpped to oerform “tre follow1ng tests.- (1) graln 51ze
and clas51floatlon of motcrlals (2) wotor oontonts of borrow motorlals,
(3) dotormlnatlon of embankment donsmtlos, (h) laboratoty dotormlnatlon

of compactlon oharaoterlstlcs of borrow materials 5) approx1mat0 pormo-

‘ abllity dotormlnatlons “dnd (6) generol 3011 sampllng by shollow oxplora—

tlons.

"'E;l“ The flCld 301ls 1aboratory will oonduct furthor 50113

: exploratlons and testing - to amd in plannlng usago of matcrlals, to COnw .

trol solootion of m“lon results ond to rocord ootual cone

dltlons endotmt crod in ovcnt of 1ator olalns."“chorts:w111 be proparod

to reoord oomposmtlon of earthwork as oonstruotod compootloﬁ obtalnod
as-bullﬁ reoords of foundatlon treatmont and roodlngs of obsorvotlon de«

VIGGS.

24 Types of earthwork, Embanxment will® eonslst of tho folloWb -

1ng types of matori&ls, locatlons of whloh are shown on Plate No. 56

(Soctlon at Stetion 15+OO) and in gonorallzod form in Gonorallzod Sootlon,_'“

Al

Plate Hoe 31. Selootlon of 50113 from. avallablc motorlals and control of

-
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compaction will be besed on tests by the ficld soils laboratery.

Pervious fill. = Bulk of matorial will bo obtained

a8 sends and gravels from Borrow Arca “A"', Tho sands are more abundant
and gcnerally more porV1ous than thc woll-gradod gravels. Best porv1ous
(gravolly sands Closses 2 3, T-3, 5-J) W1ll Yo placcd at the baso of

.. the embankmont to form hormzontul perv1ous blarket dralns 12 foet th1ck.
' /

1. The more. porV1ous of the. coarser gravols (Classcs l 3) w1ll be . eoncon—

trated at outcr faces behlnd gr&vol bcddlng. Elsewhcro moro pcrvious 1O
Cmaining materlal (largely sands, Classos 2 A—E) w1ll -bo, placed at outor
- parts of porvzous shells and adJacent to 20onos, of bost porv1ous,.and

:lessar,p%rv1ggs m&torlals“(Clgssqs;,,hl—B,;u,'§an§s;and.gravels) will be

placed adJacent to the random sgotion,

: E, -.meervious fill, = All of thls materlal will bc ob—

talned from spillway excavatlon (Borrow Areca, "B”) wnd outlet works oX=
t.:cavatlon,k Excavatlon in splllwuy entrancc channcl mﬂy be Wldened 1f
noccssary to- furnlsh rcqulred vOlumc. Thc mater;al Wlll con51st largely
_of coh031vo glacial tllls (Glasses 9, 11, 13) More varlably gradod
materlals, contalnlng some coarse aggfcgatc, w1ll bé placod agalnst any

open porous materlals in ocut-off trench or- foundatlon to dbtaln flltcr

~agbion,

Ce : Réndom fill. - N .

' (1) -Materiai will be obt#inedras & uy;produc£ in
excavation of impervious from Area "B" and pervious .from Area. "A", and
- also f?om.misce&lanépus excqvations a8 intake and outlet cliannels, oute

. off trengﬁ,.spilIWay chute: and. too trénches; Tt will. consist of two

~general types: randqm.impervidus (till, Classes 7 and:9) from weathered
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or uppot soil-of Arca "B, dnd random porvious(silty gavels, fikic sends
- and-silty sonds) ffi'bni-a:'ex'cava'tiions' and from -Aﬁéasﬁ:"ﬁ“:..-.L

() Gons:.derable amount of §oft Wfaatherod rock is

i ‘dﬁ-“lﬁf—i.“c‘ip‘aiffbdfd ~£f'?oﬁ3‘?'divda'vut‘if g | ?1'-1"-"ﬁ:‘he%f:f‘sp-i’llwo,yff- .cha,nn'el' "a'nd- i*i'b"a.'k'c‘a‘ and" oute

ot! channcls, which willl not: bo suito.blo for dumped rook and wh:.ch 'broaks e

L under rolllng to form essontinlly a soil compacting wrbhou'b oxcoss

-‘ voi"ds. Sui’ta‘dic mt‘eri&‘l:%ﬁ‘ll bo usod ifn rondom sections and is é:’c‘ﬁcctod

©to bo lergoly &’ ‘reindont mperva.ous mo.torml. Tho amount. is: dependent ¢ one

"'1"‘_31dorab1y on: mothods empioyed in: excavs.'b:.ng rock enid s not determnablo

:_Ln- o.dvaxiod 3 howover, “the randon ‘so.ctmna:.s oonsn.—dered“ suffacm‘ntly“-sla:rge
"6 ncoommodate ar-\fe‘i‘y-, 'su'bstan'bi'al-_ﬁvcflume ‘of such ‘goft fock.-' In-the'use

" of soft rock, carc will be exortised to aveid rook poockets and exeess,

© voids; and whord nocessary. Tor filer ae

her random material will

“¥e ploced botween th cémpacted soft rook and .ﬁ%éhéa"-.iﬁpéi*fﬁi‘ous3'?l_é.q'f-.é..-5:._.-:.5_.:5;‘

| (%) Rendoh matericl will bo pla'ced with more ime

‘ :.,.,perv:L'ous mateorial (random 1mperv:.ous) ad;;acent to’ :meerv1ous ‘gore and
more: pervlous (ranﬁom perv;ous) e.djbicent o porvxous shclls. Any ‘more
.opgnigravelsin . thé fourndation will: be “sovered W:L'bh fxrgr\i:ét‘b;l.jzi ;gm&édé'{ i
mitErials Sontining. Some coarse ‘a_sércéaﬁe- %o provide £ilter aotion,’ ‘

() The randen scction is amply large £0 A CBOMno=

da.tc: "bhe volu.me of randon wh:l.ch it J-.S T}

.-.vat:.ons and as & by-product 4n borrdwzmg peﬁ"va.ous"'and mporv:tous. It
Jis fo.lrly prob&ble that ‘random o‘bthned wa.ll be' somcwhat loss s S0 that
~"pervious will be.substituted for random in outér part of 'r’-ando'rri'SGC'bions.
- If it should ooour the’ more Tandom is actually entountered, then limits
.of tho random seetion W:Lll Be gi?ndr'ejas’,e,d{?s'liéhtl';:x}ééfbﬁbé idetﬁ.rﬁiine.d‘-alo;ﬁor-

during construction,
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de  Rock toos and dqgged rock, = For leocation in cmbank-
ment sec Plate No, 31, In general, no laboratory tests will be required
for thesc materials, Although uée of boulders and cobbles from borrow
pits as rock £ill will boe permibted, the major portion will come from
'sfrigﬁﬁfe'GQGSVatioﬂ:iﬁ rook, :Tho'rook will be dumped in place with the
'léréor fodkélﬁf”kﬁé dater facos end tho smllor rocks and spalls usad:to
flll in and adgacont te tho cnbankment. N

N

E! Gravel bcdd1ng,'m The bodding for dumped rock or. dam

embankmont wmll be obtalnod o8 ccarse bank-run gravcl from Borrow freco
"A“ whoro an amplc supply 071Sts in tho portlon nearer the river, Thé
materlal nust mcet graln-51ze quu1fcant shown on Platc Yo, 2l to pro=

vide satlsfactory fllter actlon.

f. Roads,

o (IST.1idgé§sh;aadér%iiiﬁiﬁ"éénbral be Built over till
Or”dfhér frost-hpaving raterials except for roads on top of dam, +to in=
 tako towér,‘and some portléns of reloo&toa state. hlghway which will be

..,

'1n rock cut. Except where ‘rouds are Bailt ow perV1OUS“flilSnO?«ln-rock
icﬁ%é: ;.ieli;éhﬁcompacted pervxous “subbase WLl B8 ‘placed, Fellowed by
a 12-1nch bank-run gravel base whlch ‘must Tiset graln sizé gradation
ShOWn on Plato Yo, 51. It partlcularly bad frost action conditions are
~encountored at some spots; doptﬁ of pérvioug stbbase will be inereasod
as dotormined at that tiﬁe;””in'?gck 6uts'th671é;{noh compactod pervious
‘éubbﬁso is"omifted; and ié*iﬁohcs ﬁf:buhkérun"gravel-basé only is used
betﬁcon rock Surfaoe and bituminous macadam:sﬁrf&cing.

(28) The road surfaces will Yo 2-1/2 inches of

penetration taondam, using crushed stons with asphalt coment for bitum
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"'m':ﬁ'nous ‘material, " S&implés'“éf“’azgg}égé;ﬁé will bé sent fo'ftﬁe‘- Distriot B
$oils laboratory to. chedk Ssuitability’ for-usewith- asphalt, and also .to =
" “check aggregateﬁdur&blllty; ‘Serples’of bitufiifibus’ materlals w111 Be'. -
" taken and sont “bo 'tﬁfé__D'ié{srict_Sdi;ls"-'Lé\bbr"'fit'drf“-’_for-’ftes_’ciﬂg;'-’"5 E
(3) In 0dditidn to tho le;iﬁbh"sﬁbbﬁse désoribed
Tane(d) _&bWIG;'- ‘porvious -WCdge.r“at.ﬁ*;‘v"iil,.t.h*éi:‘%bﬂé&?ﬁ?@.tb@ areund oculvert pipos -
phseing under hoad pavenonbs; whore:road is: condtructed oivet frostihoav-
ing wotérials) in® or-dcx"i'.‘éés"=%d‘1i‘o":t-'r§11-"dii‘-fé£‘bﬁ»’s‘ia 17 hosting from- froadiackiony
'Perv:Lous wedgos will bé 2 feot “doep atithe sulvert Forvaldidtande v
feet on onch-side .of the culvcrb and tdporwg"tb zors” depﬂbh i hventy
g “Topsdil, - When stbekpilos. have boen well establishod,
: fopéoil will be sampled by field forcis and’ gént via ‘bﬁé‘-’District Soils
“-Laboratory to an agfwonémist-*-fiﬁi"-'—té‘s%iﬁg %6 determine fertilizer require-;
'-'f.fjmen-bs ‘and any m:r.nor 'Yaristiénd in Seed miktute: needed“ _Topsoil’ whder
Usite of sewmill, cén‘éa-iﬁi’ﬁg'boﬁs’idei*db-lé'fsb’.w?i_us#f;.;'iWill-iI&‘éiwé-‘s_ite=d';dﬂﬂ*no‘b

uszd’on any slopes régquiring topsoil drogsing.” ™~

©.°Dii PLACEMENT OF TYPES OF MATERIALS, = ..

. le Mothod of placing and compaocting. - After stripping has

‘been completed, the i‘ound_a'_b'iori ‘will be propared by pliwing 'I_‘oll‘owe'd-:-.sby
‘rolling to make ready for applicstion of rolled £ill, The cut-off trench

will be filled with impervious material plé._oed in the dry, The imporvious,

1) ¢

‘random and pervious sections of the embankment will be brought up to a
‘erown running parallel with centerlind’ of dam, ._};avizg_g._latexjal. slopes of 2
2 percont minimum and 5 peroent meximum grede toward the outer odges of .

the ombankment to permit rain runoff to drain readily, This slope will
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be malntalncd unt11 cowplotlon of cnbanxmont.
) Wcttlng. - Embankmcnt matorlals w111 be excavatod in

the dry,; If_thgrwater tablo_ls high qng_patufql water contont of soil-

1n placc 1s &bovo that requmrod for opbimun. compactlon, it will bo NGCCS=

sary to lowor thp watcr tablo boforc oxcavatlon and place metorial on

[

~the dam.and allow it to dry out to proper water content. Beforo spread-

ing and rolling, in casc the provious layer hos dricd out or cracked on
thchgﬁtfacb;;it W%;;fbé;ﬁgmpened‘tbfp;tpg#fmpiéture;éontehtAand,rif
neocsaqf&,:h@r;&wedtoﬂn#gro adoqudto.popd.' For impervious and random
imp@rVioﬁs.nﬁtbria;gi the water coﬁtéﬁt ﬁilljbé“cpntrdlloq ﬁpp;oximatcly
| at opti$uhffb?'éas6'tf céépaction, Pervious materials;wiii Béfthordhghly
wotted "o "fo¢iTitate egﬁga- otion by substantial s‘laturati on, -
3 o ’Ps*:“Spféading::é‘WHén two or rioFe different ﬁatéti&ls
‘are being transportcd onto tho omb&nkmont tLOJ w;ll bc placcd systema—
tlcally so thet in eny ares of the sactiéﬁ thore will be the féqﬁired'pfc-
po?tibﬁsfbf”thé nﬁtériais. After dumpiﬂgythc natnrlals'w1ll be bull-
dozed or“othch1so spread in 1ayors of the requlred thlcknoss and, if
the water-content-ls bonsmdored odrrect} it w111 be rolled 1mmed1ately.
If the precoodlng layer of matorisl 1s BT smooth to insuro propcr bond
it wmll be roughoned or looscned by harrcw1ng. |
v ca Cbmpactlon. - Fhon thc moisture content and condltlon
" of the sprc&d*layor are satlsfactory, 6 will be compacted by equlpmant
"in satlsfactory worklng condltlon, Old or inef flclcnt equlpmont will not
“be peimitted. | 7 | v ) ‘
(1) bompactiﬁg df'iﬁbe;vioﬁs.tﬁd taﬁdom iﬁgéttious
flll w1¢1 be done by sheopsfoot rollers of satlsfaotory welght pulled by

.
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crawlor typo tractor uszﬁg 6 ine laybrs, GOPP t{$§76f”po¥ﬁfﬁﬁ§“fiil .

: Wil bé done bo meaﬁs of orquer type tractors aidod'by liberal appllca— =
*tién‘df?Waﬁéf“ugiﬁg'9 ihéh“lecréﬁ“:” - ;Hr:-:'réi et iy
ER R ;;”(2)1" Bich squarc foot of embankncnt wiT1 "B dot

pactod by suffioiont: numbcr ‘et passes “6F “the compacting dqulpmcntxto “Ob=

 giih ot loast 97% of the*compactcd-test donsaty'aS“dctcrmincd-by'labdra- | Lo
tory"'ﬁé‘é‘ts: SRR O S R : . e PRI AR
d?‘be.SSiIS.PSSSéSéEﬂg a"definite = Proctor Compootion’ Togt w =
~ optimum water content, (1npor- ., A.S,T.M, Dég9B-LeT, or .
* yious and random 1mperV1ous) P equzvalent test, TS
' For cohesiciless soils not™ * © - Providenée Vibrated DeReiIEy
possessing sueh optimum water Test (under 800 1b, load in
‘content (pervious and yvandom - - 6 in, oyl. with 60-100 hammor
pervious) S blows) or equlvalcnt test,

(3) Samples w111 bo frcquently tested in the

proaeot fleld 1aboratory bofore and after compactlon, and correctlons,

t

S AT T

adjustments or modlflcatlon of methods will be m&dc a8 ncccssary to 8¢

cure d681r0d degree of compactlon.

o y s
. E. CONCRETE CONSWRUCTION. - The concreto w111 be composod of
O : T

. cement fine aggregate, poarse aggregate and water so proportloned and

Ll Ty

_ mmxed as to produce 8 plast;e, workablc mixturo. The - dlffarent mlxes

\ d e

'.a

of oconerete will be used throughout bxcopt undor speclal condltlons,

[N

On the draw1ngs and 1n the speclflcatlons, these types are d031gnatcd as

...... ’ .

. Class “A" and Class “B" The mlnlrum aVOrage compr9551ve strength for e

~Class WA" concretc'W1ll be 3,&00 pounds por squ&re 1nch and for Class

!

'"B" conarote, 3,000 pounds per squere inch, in accord&nce w1th % standard

aitn &

_ 28~day tcst. Conorete aggrogatcs, formerly avallable at commercial pits

A

:_w1th1n a EO—mﬁle llmlt have been tested by the Central Conorote Test1ng

- “11’5 .u



; 3 \ { 3 "'" i "
Iﬂboratory at Mount Vernon, Now York and found to bc of sultablo quallty.
These plts havc shut . down on account of tho‘war but arc oxpoctod to roopon.

.Aggrogatos from othor ncurby oomnorozol sourccs ro undor 1nvost1got10n.
Aggrcgotos avu1lﬂblo 1n Borrow Aree Uxs oro bﬁlng tostod ond, 1f found

sultablo, rmy bo usod at thc oontraotorfs opt;on. '

1, laboratory control - A small oonoroto tcstlng 1aborotory

will bo sot up ut the sztc. The teosts porfornod horo w111 supplomont
'tnoso.mado at the Central Iaboratory. The 1aborotory w111 be used prine
oipaliy tO'oontroi tha.quolity of oonorotc durlng constructlon. Fooili~
ties will bo.atailoblo for tosting tho grading of ugérogatos, dosigning
conercte mlxturcs, mixing of trlal concroto batches for tho purposc of
devolbplng &otual rolatlons bctwoen oomprossxva strongth and watcr—comont
ratlo, controlllng workablllty of concrcto by slump tosts, and castlng of
oonoroto cyllndors for comprossxve strongth tosts. o | |

'_ ﬁ?. Gemont. - Coment will bo testod by a rocognlzod'tcstw
 ”1ng laboratory and results of thoso tosts Wlll bo known beforo the oement
is used. Truo Portland oenent of a well-known and acoeptablo brand Wlll

_be used throughout.

E, Flne aggregate. - Notural sand w111 be usod as flne

aggregato, whloh w1ll be subgeot to oaroful thorough analy31s, and tests

made on mortar spcclmens for comprGSalvo strongth

Ca Coarse aggregato. - washcd gravol or crushod stono

|..r.

of rcqulred sizes wlll bo used as coarse ﬂggrogate. It must oon51st of

‘ hard tough and durable partlcles froo from adherent ooatlng and must be

o P e one

free from vogotable motter. Only a small amount of SOft frlablo, thln

L e . t R

or elongated particles wxll be allowod Tho aggregate w1ll be subJoot




“+ gg frdesing and’ thaw:.ngtestsand" t6! carsful, '!:Irm:c‘oug‘:i;1 “dnelysis,” inolud-

Ly 4

ot e o e - S . - ten v
S e et ST e T el S -

lng magncs:Lwn sulphate tést’ for soundness, . o S .-

de Woter. - The P of'wa'bs'é'r ‘ﬁs;é;:i'per;";ba‘"g:;:" of¥ cemsiit 5

— APty

£6r oach ba"(";ah of condfete will be pfé'dctof}ﬁ‘ihe'd'; in” general, 1t will bo

the m:Lnlmum amoun‘t necessary 500 produco a plas‘b:.c mlxturo oF the strcngth

""""E-spe'clflod.. Slump 'bests will e roquiroél R amrdanec« wrl:h speciflcations. .

DT T pi01d Gonbrol, m E- - Storago, ~ Tho "cohcré{:e"-cbm’}jbnohjt's'

“will 6 storod foparately befors hixing, The' coriént will be stered in

e

S Faea S, e o e T e s (e
facilities Tor acourats mehsuremént and conbrel-

" %iibro&ghiﬁ'r"*&%yﬁ"wee;%'héfi’tight*ai-ia prbp&i‘--'ly- ‘fan%“ﬂa%e’a’-"*baaming;- | *Tia‘e

KR Y . A . . b, ot . o PR
4 EOPEEN e FRCEREES PO RTINS

bt ‘f"or‘elgn ma*bcx"ml w‘:;.‘ll be avbidéd,”

by sl - TS exact proporbion 6f sil mberials in

YRS Sonetetot Wil be ‘prodetermingd,  The mixing will b dohe in Bpprovod

mechonical mixers of’aro‘ba;blngdrwn Aype; and thore’ mist b adeqhinte’

e-f ea;%%- of ‘the materials

A TN S RN L i SR L S U LT S U ST AN TR S L M 1
“used ih the corérete,  Mixing will be done in batehes of *sizes as directed

.

5nd sékples will bé taken for slimp tests and compressive strengbh tests.

e R E I IR S S
Inspectors will at all times supervise and inspect thée mixing procedure,

S

RS T Ak ang, L Oohoksbe AT heple cod- before initial set

s cootios, 1T osharots Ll b pfaupon 1andmp st

_'i'i‘ig"i'\'riﬁh'a"s'a't";'i's'factory bond Vass eoncrete will be - bloced monolithic, v
 Mechanical vibratioh w:.ll e’ applied and f‘orking or h&nd-Spa.dlng w:.ll s

" be applicd adjacent to forms and on exposed surfaces in --order o insuro o

smooth, even -surfaces, Lodations of Vvertical and hHorizental construction

“Joints, ok well ‘as contraction and‘expansion’ joints, are indicated on the

Co



drawings, The locations of construction joints are tentative only and .
mey be changed to suit conditions in the field. .Boefore placing the con=-
.._crcté,-all;réinfdfcing:stéei‘wiil beﬂinépecteﬁ.and_pdu;ing of -the con-
eretc will be suporvised ahd directed by chérnment;inépectors. Adequate
‘précautiﬁns'wiil he teken if concrete is’to be placed in cold or hot

-

weather,

F. _STRﬁGIURAL‘STEEL-GGNSQBEGEEQN, - Struﬁtu}alfstee;iconstruqtion
;thaf.thah:fcinfﬁrESméﬁ£'anﬁ“dndhéf'bafs consists of (1} girdersiih stool
servi;é'bridgéfy(E) st;uc5ﬁfal steel in operating house; (3) trosh racks;
(hb m{é§ol1aneous'anglcs and flat bars; and (5) steel stairways dn gate

wells,
o -

- ;'Serfice'bridge. - The sorvice. bridge consists of two equal

.Téydh;; otich e de upzﬁf two approxim&#cly 70-foot. long by 5-foot deép- .:
plafé:gifdgr§ &i£h a reinforced concrétg slab, = The weight of one~girder
'igfdgpquimately 8.5 tons. Bach girder may be fabricatéd in one pisce’
aéﬁd“erééééd:qsfa unit without use of falsawork,

2. Intoke tower. ~ The structural steel in the intake: towsr

. ;i&iiédgéiét of stoel colunns suppéFting orane fails and roof beamse
Erection of the steel freme will take place before the brick masonry is

* cpnsfrgE%od.‘ Eéch:cd1dmh SédﬁidhAﬁéﬁéﬁ;tﬁéTééﬁﬁa‘iﬁiliﬁiiiﬁbe'ee“l/é-
fnchos and above th o orane Tl 8 inchos’ andwill be febficdbed and

.‘er§oted as a ﬁﬁit;- The:Beéﬁéﬁgﬁbﬁo}%iﬁglthér;ObfIdféJfalled segvions

2l, inchos by 100 pounds and will e ireased in ‘comefeté,

'3, Trash rocks. - The trash racks will be shop riveted; bolted
and welded in seotions 8'-10" length and 10'-3" height, The racks will

not be pLiccd until such time that the embankment construction has pro-
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gressod abovo Blovation 55040 m.s.l, ih tho olosu¥e Seotien, Eaoh trash
"fabkféoctidn’weighé'aﬁprdkimhtely'MOOO'pounds,' Uibbits 5&70 been placed
in the concrete of-the'fakihg'ﬁlatform and in the wells of the gato towor
Lfi?&r“usc'ﬁnﬂfﬁturé-rembvals.and‘replacbmonts;

Clidl MiScellangous Tromes, snglos and steel bars, - Miscelldancous

structural stecl, such aé metal door framos, guard ungles end flat stegl
tars ombeddod im concrete; mﬂtaégﬁgééqﬁs}ﬁﬁg;ﬁgﬁﬁp}tﬁzigféfings‘qnd '

- grillds, cto., will be ereected dﬁd'plaaod as indicated. on the drawings
and at Such time as requiredyys o i e e e TR T 0

':5.-.‘Steél~stairways,vf-Tﬁefstécl;staifs-in’the servics gato .

wells will consist of structural sfcel chormels supporting stair -tronds,
“railings; and lendings. -The stair sﬁring¢r§”ﬂ;};;pg:§?9hored to the
éoﬁofété“ﬁdli'éﬁfééch landing; “Each flight of stairs may be shop fabri-
';ééﬁod in 6ﬁo'ﬁiecefand“bolﬁéd-toﬁsuppcrts anchored in:the conerete walle
The stair tréads 'and landings will be of. stoe] grating with abragive . :
roging, Stair rﬁiling will be:wroughtcirdnnpipe,with>wald¢d;anﬁjboltoﬁ
‘cbhﬁecﬁiéns.'::' Sl S 3h:3w.' E Hﬁ; co

G, MISCELIANEOUS CONSTRUCTION, -4 Miscellaneous comstruction itors,

‘including riprepping bfsearthwslopés.bthérﬂthan:dumped roek in the emw
bahkmoht,?cdnstrﬁb%ion~af the'access reoads, operator'sadWGllin%,=garagc.
end utility building, erection of: boundery -fencing and handrails, and

pérfoﬁmaﬂcéibf“landsdapiﬁg'WOrk,-willqbé.done at such, times as roquireds

¥
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XIII. SUMJARY OF COST

o

The tote.l constructl on cost of ‘bhe Claremont Dam, e.&cludlng;
clearlng of reserve:.r, has been cstlmated 'to be. 593,75,000 ::.ncludlng 10 .
_percen‘t .f'or contlng;encles zmd 15 percent for enﬂ'lneerlng; ano. overhea.d. D

The qetalled estlmate of cost is given in Table 16 and is bosed on wmit

prices of prewsr level. This amount has been dlstrlbuted as followss

(1) Embankment e e e ok - $%,122,000
(2) Ccmcrete features- - = « = '30“3,000"“
(%) Steel construction - = — - 156,000
(L) M:Lscellaneous-e. ------ ' 166 000

C (1) Thé embankmen{: ‘tem cons:.sts of all ssrth £ill for the ‘dam with
'eu'h-off and exploration trenches s grcut:.ng, in lefd e.butment dumped rock

‘-gravel beddmg, rock toes, downstrecm slope dra&nage structures, t0ps.011-

."|

ing, seedlng; and soddi ng of dovms‘bv'ear\ sloce, i turm.ncus "nacadem road '.rl‘th

TR B -

',guard, ralls ;on. top of.‘ t‘ﬂ.e da.m, settlement ge.ge.;,h and 9.11 excaveted ma.te-‘

rials used in the erbankment end in the approach,. embankment. to. the: serv=-:

ihe'bridge¢c,,' S

b

(2) The conerete fea:bures included congist. of Lntake structure, in- -

=_,ta.ke ‘tower below and 1nclud1ng the floor of the super otruc"bure, tunnel

lmmg, downstrecm port':.l, service brldge concre.te slab, retcu.mng Wall,‘ M

RN

: Zsp:.‘llwc,y we:r.r, mi.ScelJ,aneous concrete st*uctures and a.ll steel re:.nforce—-

P T - e i et .

mentq C.
(3) The stesl construotlon included consists of steel girders f‘or
servios brldge, gates And ma.chlnery, e.nd 'I:rash racks.

(L) Miscelleneous ;_tems 1nclude_d are operator'_s dwelling, gerage,

utility bui_ldi.ﬁg, intaks tower superstructure (exclusive of conerete

- 118 =



MY e L L M e e e

floors included under Iﬁem‘?), access roads, parking a:?as,!rqad draine

age, river;dive?siop,ig}ﬁering_éﬁd"grubbingeoﬂ.dam'éitg,p1and§céping.mism."

cellansous -steol, .:;.‘.r'o;'ri' and metal work, ‘pipss and. all':oth.er"-’:i.‘b,ern.s.‘-hq.'b._:_i.r_l,:-..;, S

oluded under Ttems: (1), (2) and (5).,Q.1

' TABLE 16. CESPTIATE OF COST (1)
‘ ' N w8 Unid _
Item 96315§at10n Unlt Quantlty * Price Amount

Diversion and qare of Kiver " “Job’ - U - §15,000

Clearing éﬁﬁ:ﬁrﬁbbing ) "_' - :TJ?QB’Yf T jff f‘i.' TR 2,000 .

Common Str:t.PPlng LT Gueya, 132;060 S Cc.4L0 - 52,800

Gommon tfcéﬁéiiaﬁ - B orrow  Cu.¥d, 2 ,7h5,ooo CR,300 823,500

1

2

3

I Gommon Bxcamation - Gemeral © Gu.Td 968,000 “7 0o 367,200

o

6 Common Excavatlon - Trench : dﬁ:idé _ ._500qfwiﬂ‘l.001;iuﬁbq_w

7 ' Hock Bxdavation < Open Cut A ;”.J}; ¢'f' :
- (Sloping Sides) . Cuds 51,000(2) = 1.30

&..., Rock Excavation = Open Cut
7 (verticel Sides by Glose | Lo e e e
Drilling and Broaching) . Cw¥d. 260,000 155 .. (3)

R Roak:Excavatmon ~.Open Cut :'“ﬁffth o
A{Vertical Sidés by'ere'“ T S

SawwMgﬁhod) L e __;,,Qufgd.vﬁ;<?§o,000-  J9;1§h54x13377igﬁo o

10- - Mucking of Overbresk - Opemn . . .. .. . . .~ . e
" Cut at $O.75 per Cublc Yerd" Cude}“" *'5;600(&)"'f0;75" i.“~2;700

b i

et o

_ (1) This estimate of cost is based on quantities and unlt prlces
under Contract Schedule B. (See Sectlon XI1, Paragraph AT b) .

(2) Undsr Schedule A this quantlty L 55&,000. ;,U“:
()) Ttem 8 is = alternate to Item 9. S T RN

(h) ﬁnder Schedule A, this quantity is 17,000.

O R T G RV - g b s e
’.!.}‘,"_.;-"‘u.n” A AN S v FUE T ey

ALL -
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Item

lé
13

15
16
17
18
19
20

21

25
26
27
28
29

20

31
32

“ESTIMATE OF GOST (continued)

Conocrete Lin.Ft,

- T - Unit |

~Designation . Unit Quantity Price Anount

- Rock Excavation Eoundeticn +. ' Cu.Yds 200 3,00 § 900

Close .Drilling end Broaching Sq.Ft. 16,000 1.00 (5)

Rock Excevation - Tunnel Gu.¥de 10,000 : 10.00° . 100,000
I\mcking'of‘ Overbreak - Tunnel :

at $2.00 Per Cubic Yard Cu.Yd. 500 24,00 1,000
Stesl Lining Support - Tunnel  Ibse 19,300 0,07 1,351
Dry Packing CueYds™ 150 2,00 300
Tmpervious Fill  GueYds. 510,000 0.10 - 51,000
Rendom F1ll Cus¥de 790,000 0,10 . 79,000
Pervious Fill Cus¥d. 1,720,000 0.10 172,000
Rolling for Each Additional

Two Trips = Por Impervious 8quare

snd Rendom Materials (100 sq.ft.) 200,000 0,01 2,000
Rolling for Each Additional

Two Trips ~ For Pervious Sguare ]

Materials (100 sg.fte) 180,000 0,01 1,800
Miscellaneous Fill | Cua¥d. 114,000 0,30 . 1,200
Gravel.Bedding ~ Benk Run Cu.¥de  9L,000 0475 70,500
Bank Run Gravel Base . Cu.¥ds 7,000 1.00 . . 7,000
Compscted Baokrill © ou.Yds " 10,000 0425 2,500
Semi=-compacted Backfill Cu.¥de 1,000 025 250
Embenkment - Roads end Drives Cuw.Yde =~ 33,000  0.30 9,900
‘Dumped Rack . . Cu.Yde 262,000 '0.50 131,000
Hand Placed R:.pra.p - 12" :

15" | CueYde 500 300 1,500
2= Rlprap Cul.Yd, 1,300 3,00 3,900
Gravel-Fa.lled Dra.s.ns ' L__in.Ft. © 700 1'.00 700
Core Drilling in Rock or

800 2,00 2,500

(5) This item is for Scheguie”i:only‘.
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Item :

3

3l
35

._:“‘ .

bl .

ESTIMATE OF QOST {&bntlmwd)

-‘—p-g-——-—pesl netion CoL e l""g’%&:f:

Ordlnary Drilling in Rock

or onorete s WA LinuFtu .

Pressure"-Grduting - "‘CU..:"F'bo :

36=Inch’ Stendard Strength * -
Reinforoed Concrete Sewer
Pipe with Mortar or Mastie -

Joints . . Lin.Fte

Reinforeced Concrete Culvert
Pipe = 12~Inch Standard N
Streng‘bh with Morter or Mas=
tlc Jo:.n'hs , . L:Ln.Ft.

] H

Relnforced COncrete Gulver’q

Pipe = 15-Inch Standard v
Strength with. Morta.r or I\','La.s-'
tic Joints S © U NLinJFhe

- Reinforced Conorete Culvert

Pipe = 2l=Inch Extre Strength

vith Mortar or Msstie Joints Lin.Fis E

Reinfor'ced Concrete Culver‘E '
Pipe = 30=Inch Extre Strength
vith Mortar or Mastle

Jo:,;flts . L Li.n"_F.tc. s

Remforced Goncrete Gulvert
Pipe = 36-Inch Extra Strength
with Morter or. Mas‘blc
Joints e 7 "LineFt.

" stendurd Stronghh Vitrificd ™

‘Clay Pipe = h—Inqh -
Clogéd Joint Cot PRI R e

Stendard Strengﬁh‘vitrlfiéd o
 Clay. Pipe = h—Inch -

Standerd Strength qifpiried b
Clay Pipe =~ 6-Inch .«

Closed Joint.. . Linde

Stendard Stren%ﬁ'} VI‘trlfled
Cley Pipe w 6-Imch - 7 ¢

Open Jolnt . . e LAneFte

B v g A <

Opert 'Joint ' "’;-‘."“:l‘Iain,Fi;‘,

- Unit

Price Amownt

Qum tity
2,2‘313";,., o
3,000

150

90

" 100

e

270 )

1,030

L

300

075 $.1,650
71400 73,000

6400 14,500

1420 180

3400 ¢ 900

%00t 1,850

7.010‘ '70(5
350 ks
o6 5
olig 168

5. 9

1,

i
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ESTIMATE OF COST (continued)

Quentity

Des:\.gnatlon - <~ Unit

Stendard. Strength Vl‘brifled .
Cley Pipe - B-Inch - Closed
Joint - . . Lin.Ft.

Standard Strength Vitrified
Clay Pipe -~ 10=-Inch =

Cleosed Joint : . .Lin.F'l:.
Standard Strength Vitrified , -

Clay Plpe w 12=Inch =

Closed Joint - . LingdPb.. -

Extra Strength Vitrified Clay
Pipe = Li~Inch - Closed
Joint - ~Lin.Ft.

. Extra Strength Vitrified Clay

Pipe = 8=Inch = Closed

Joint _ lin.Pt. .

“ Bxtra Strength Vitrified Glay

Pipe « 8~Inch - Open

Joint Lin.Fte

Extre Strength Vitrified Clay

Pipe = 10~Inch = £losed

Joint Lin.Ft,
Portland Cement Bbl. ]
Steel Reinforcement, : i Lb. o

‘GClass "A" Conerete # Tunrel ¢ i
" Lining ‘ CulsYde

Class "A" Concrete % Intake
Tower end Downs tream Portal .: Cu.¥d.

Class "A" Concrete .- Roads

end Bridge Structures Cu.Yda
Class "B" Concrete - Spillwsy

Weir and I\'Ilscellaneous Struc-

'bures . . CudYde

Concrete Ba.ckflll at $5.00 Per
Cubic" Yerd , . Cul.Yd.

- 122 =

\ S

1,700

610

120

50

130. e

200

Nk
3,600

- 600 -

L7COA

' 15 000

b0, oooﬂiﬁﬁﬁ

3,000

Unit

Price Amount
0480 1,88
1.00 120
0,50 20
0475~ 7 97450
070 lgo
0.0 180
2 50" 37,500
6105 . 30,00
12,00 36,000

15,00 66,000
20400 8:800

15600 . 3,000




Jtem -

59

61

2

. 65
66
7
o

69

70
n

-3
~31.

60"\-.

72"
“ioy . Supetsirueture™ [ oo

Exterlor ulectrlcal Work
1:.®p@ra.’o.or.?-;_s-Dwell'-in_g. L a-'f.:f-.?.-iir:;".v_-.
Garage

Uti 11'by ‘Bua. lding

', :Relief Wells, 125 Fest Doep. . ™, i

-7

- Dosi ation .

T e

liscellsneous Structural Steel  Lbe . .o 18l50

Miscellaneous Iron’ end Steel’ b
Miscellaneous W?ought Iron . ’?'V*;_>;g3 ;”‘71#1:' “;,
Pipe The - .
Misceilaneous Black Steel |
Pipe 650 |

The - 00 6,500 "if 0, 10'5”_"'

5,000

K "' ’1.0@ ' N

-'.'* 1_-‘:‘ ‘50 RO

Miscellaneous Brags snd Bronzé, 'lbe

Copper Water Stops Tbe: o i 2,8500 1-

Metal Stairs R o e

Settlement Gages 5.72,000

Structural Steel” in Servicew
Bridge

Intake Tower Superstructure Job i

' W s )

Gates and Accessories Job '
Job .

Trave llng Crene

Gasollne-ElectrJ.c S‘ba:ﬁd'by Unit ‘ Job .

I
T

Hea’bl'n.v System f‘or In’cake Tower

Job

Bleot tric ngh‘b a.nd Power System Job 1 T e 0T

Job 3,500

LP

Well Water Supply

| Water Supply Lines Id -
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ESTIMATE OF COST (continued)

‘ Unit
- Ttem Designation: Unit Quantity Price Amount
81 Relief Wells, Each Additional
Vertical Foot LinJFt,. 150 500 # 750
82 Drain Wells . LinJt. 13,000 3,00 39,000
83 BSeptic Tank ' Job - ' 200
8k Brick Meanholes end Brick ‘
Catch Basins Each 20 100,00 2,000
85 Concrete Manholes Each L 300,00 1,200
86 Conerets ﬁroP Tnlets Each L 50400 200 :
87 Bituminous Macadem Pavement S5q«Yda 13,650 0465 B,872450
88 Bituminous Material Gal. 31,200 0,15 5,130 o
89  Asphalt Paved Gubters end ' _ ' ;
Chutes 8g.Yd. 3,300 2.00 9,900 il
90 Highway Guerd Rail Lin.Ft. 7,150 0.90 6,435 |
91 Ceble Hand Rail Lin«Ft. 910 0,80 728 ok
92  Boundary Fencihg Lin.ft. 5,000 0.75 2,750
93 Utility Gates Each 3 50,00 150 ‘[
9ly Entrence Gates and Wall Job - 1,000 |
95  Tile Gages ~ Job - 700 =
96 Flagpole snd Base Job e | 1,000 |
97 Topsoil Cue¥de. 50,000 - 1,00 50,000
98  Sodding - SqeYde 1,900 0,14 266
99 TFertilizing end Seeding - |
Treatment "A" Aore 1l 300,00 L., 200
100 Fertilizing and Seeding - ,
Treatment"B" Acre - 31 200.00 6,200
o s o)
Contingencies 106 25 c
$3,247,318
Engineering snd overhead 157 L87,682
TOTAL CONSTRUCTION COST FOR CONTRACT SCEEDULE B $3,735,000

-'1214"-




"XIv, INDEX OF PLAT=ES AND PHOTOGRAFHS



- — ——— e e ¢

Plate Yo, ,

o

A0o B EE A L I =

10

11

i21ﬁnf?IMap - Ex1s+1ng Rainfall stetions

13

RET

15
16
) 17
18

19 e

20

21

22

23

' Adopted Unlt Hydrographs R

... - CLARENONT DAH -

e

ANALYSIS OF DESIGN

 XIV. INDEX OF PLATES AND PHOTOGRAPHS. -

Title

. Location Mep

Vieinity Mep.

General Plan
Plan of. Subsurface. Explorations -
Plan:of Borrow Areas

Record of Subsurface Explorations Bo. 1- .

.;LRgppqd.pﬁJSppsnrﬁace_Explorationé No.. 2. .

.. Record, of Subsurface Bxplorations No. 3

Record of Subsurface Explorations - Profiles snd Sections

" Rock Contours

Peribdé of;ﬁéﬁbrd'éP R&in”ailJStetiBné

':Hydrographs

'Aréé hnd dapaéity éur%égm

'D951gn Floods‘

nvaiiej”Storagetéafveé

rotal Vallev Storage Belcw Elevatlon 630 o
-Splllway Ratlng Curve R B

“t.Splllway Desmvn Flood Surcharge - Length‘andlbiséhéfge -

Length Relatlon o

Tailwater:Rating-Curvev_

Providence District Soil Classification

 S0il Profile on Approximate Centerlime of Dam ...

L. 325 -




INDEX OF PLATES AND PHOTOGRAPHS {Continued)

Plate Xo. : ' o Tltle‘ -~
el ¢radetion of Typlcal Embankmeth801ls
25 Typical Borlng w1th Propartzes of Foundatlon Sllt BH-51;-,T”"*
26 Typicel Compactlon curve for Random Imperv1ous Material .
27 Typical COmpactlon Curve for Imperv1ous Mgtgr;g}%‘_f:
28 Typical Permeebility Results, K-e- Curves ;J:'”L_ L',
29 Permeability Test Results, Imperv1ous Borrow “B“ (;W
30 Permeability Summary Sheet for Pervlous Borrow “A"J_
31 Generalized Section S y
32 Average Direct Snear Values, Propoéed Perv;ous Embankment Materlal
33 Average Dlrect Shear Values, Proposed ImperV1ous Embaﬁkment
‘Material Borrow Ares "B"
2l Gradation in Sénds, Triaxial Tests'of'Pérvioﬁs Matérials
35 L Barrow "A“-J'PefvicusfSheaf‘Stréngth*Curvég,TTriéxiél Tests:
36 Gradation in Grevel, and its Frectionms, as ﬁéédﬂiﬁ’ffiaxialfiests
37 Triaxial Tests, criticai Void~Ratidrésf“iﬁﬁgrgiePfeséure
38 Triaxial Tests, Plot of Critical Void Rétids‘Vs;'Coﬁpéctionfﬁata
39 Triaxial Tests, Suesr Strength vs. Critical Void Ratios .
L0 Triaxial Tests, Mohr's Circles &t Critical Void Ratios
L1 Triaxial Tests, Mohr's Circles"-aec'}"cufiﬁig&ar'_V‘o’:’_._d l‘R’é&tibs
Le Range in Gradation - Iﬁpervious Til1, Spillway dﬁgﬁﬁéi
L3 Renge in Gradetion - Remdom Impef%iéﬁé'TiiizlébiifWéﬁfChannéi%
Ll Range in_Gr;dé%ibnT¥ Reéndan ‘Pervicud Materiel, Borrow Ares my
L5 Renge in Gradation - Pervious Matéfiaié;f%ﬁf}oﬁﬁﬁiéé”hA"
L6 Outlet Works - Hydremli¢ afid Energy Grad:Lents oo
b7 Outlet Rating Curves |
L8 Hydraulic Elements - Tunnel
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INDEX OF PLATES AYD FHOTOGRAPHS (continued)

'--;_ nitle

Diseharge at Crltlcal Depth - pier Ends

‘ Diécharge at crltical Depth - Gate Sectlon

' 'Ranges in Gradatlon - Bank Run Gravel Base and (ravel Bedding

Total Expected Settlement - Ultimete VﬂluBS - Centerllne Dem
and at Station 1)+00

Total'Settlement gt Dowmstreem Toe Drain

Flow Net Study - Station 14400
Embankﬁent,ﬁetailé,No;rl
Embankment Details No, 2
—Emﬁankment Details No, 3

Oﬁtlet ﬁorks

Spillway = Plen ﬁnd Prefile
Miscellaneous brainage’Details

Organization ¢hart - Engineering Division, Providence District

FHOTOGRAFHS

Title

Aerial Photograph (Qblique) of Site with Structures Indicated
Graphlcally

Aerial Photograph (Vertical) of Dam Site

- View from Northeast to SéuﬁHWest Abutment

View from Southwest te Norﬁheast Abutment

Wire Saw Method of Excavatlng in Slate Quarry
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COMPACTION CHARACTERISTICS

SITE CLAREMONT DAM

HOLE NO._BH-33
DEPTH 10.0 - 14.9
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8 g 10 11 12 13
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WATER GONTENT - PER GENT - @-For C15-¢
Class _5-7 (R}

No. Blows 25
MATERIAL SCREENED OUT A?e? :;” Tgrlﬁgzirsq.in.___'S-lé

Minimum Size, mm. .- Weight of Tamper, Ibs. 5:5
Per Cent by weight = Fall of Tamper,in. 12
ec = 0.316

POROSITY - PER CENT
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Class 11 (M)

. No. Blows/Layer _25
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CL A.OF D | e at opt.ww.c.;mo.;ljh | PLATE NO. 27




n.. . l [V W A G NDY A O O NOOa ] (0] A 0O NODD .~ N 2] L
L i ¢ i M il
jj T L i I i il
I ]
= 12! A - 1 I
] Ii |
o il | S
| i 1 AL I i
U r Hih L
I gﬁ H] e % il ly
I | ! i vl Y e
i il 3 'y
v i r-’L EH- 2 -ttt il
il i i ] i i
i I
i Hill | “H
il ] i) i
. i ! ! i i I
3 I A gl tr
| i i i - il
AT pliin | m i i ! 4 H
i : i ;
Iill i il il
= i ] il
A T i ; | i ! i
} A ] '% ! L it A
i ! I Hii
i i K 1
A -0 ! | i
] i i :
i 3 ; § ] i, s iy
S e o At | i L
fhin i 7 i I il
, I gl SHTREEME iy frtTay ! I [
R 7 I 4 e i il
o 1.4 J % I ! Ll fl ey atad ] ! ¥ [ 1
¥ * d:L_ I éi S 14 » i L} 1 ﬁt
4 ﬁ o EL.H# ] ”"j“n te& I M{»J:“ E:!, i i ! 3 b|'fl‘é !
o i : NsTINE ij ; WK i i)
C ~-HF* Ae CAARE E | et i ng i i
Y e X i
;"I .Et ! i N i ] it L
r1 pi i ! il
ZO} x i il RY; [ i OXT +6 i ]EHH[ w9
- ! B R EXBAS AR I : ! [
o I i 1) Hrsill i ; g
L ] ! ! i
5 LS 1 A ! Iy
, j i i A I i il




7
PERMEABILITY , Kk, Mo, at /0°C.

WAR_DEPARTMENT ) N 9 0 N @ 0= N w . I R I CORPS OF ENGINRERSy Ua S ARMYo
O | : LI L LI
r | |
I = i -
P A, P 4 \‘ 71 M) i
o . ot r-- rl‘ gt
.“04 \ P/, Hif
o : 1 ﬁ T
- 7 :
o174 7 ik
T / |‘ i
I ! T
742 R
1 4’
]
7
YA
i ] Y <~
1‘ :
- ! 1 ik 723 | i X .‘E T
' ] ' ]
1] ! 7 Ufa=s7] IR 1
N ’» il 5 1
c Acy i ‘ ; ; ]
! \ ] |
i ! [ 7
Wy 7 5.
a | ] 7
H 1} v - b T
G 1] ‘ i LAY it f o By
> 13 I st - " ot
N i ] e Yy lpree ld
! I [ |
!
I
]
L l I f,
) L . H
L
r |
0 ‘ i s ]
r : , ? 5 i I{ '
5 : - ‘
b ] aallrde / r &
m 3] ! (111t
! | N- 447 mﬂﬁeu i M
2 5 mare i I g
'o =7, - ’ H_JJ! Farky
x I o r : 3 i1y 4
m ] - o » L { % 4 +
© ' i NARFRRIARINIES 1
. HI T wroT el AT -4
ENGINEERING DIVISION ~ SOILS LABORATORY S.L.No.CES~E3 PROVIDENCE, R. I.



1000 K0~

PLATE NO. 30

rosrot

Permeabitibs, £, <mfec at /0

/X

3 ‘orrdy Py

: = B Hnﬁn = H st =3
.«.ths. £ SHE HHE umuw Eifessrssaifanlianas Hi
NL t 1 uyf aane ._Mw i T BB :..m
e ,« m H 44+ \#».. HE .W,W\V»l
i \v,w " T T - T n T
b K
s e i : ;
{ HE R n i 3 t
. HEEEEHET e it
= eEC EiasmuanzsssepnTroang hu £ L daEci: i
B ..H.\LWMK‘M\.!‘ = M..,M“\J‘«V\lnfl| HE W Hm T o 8 I“ w -
: Baiim: T 1 5 1
&i MR : ,. _
= IREND| “
: : L H
- i
=i T !
: T 5 s
AR 1
. 1+ ! - T 1] : |
| L% xaSAEL H
! - i 1 i ﬂ 3
11 il L 14 ] w
: N LY
e cmen e rREEEE R a5 =
R e il ! 4 £ :
H s 4t T T a. = :
, - T T
{ .y H Raana: it
, : : 3 et 4
! i - , TR AR ; ¥
Ir AN RE ST £ - ) HE 1 M it ;
- S SREEAKS BRALS A 1 i1 ¥ ] al
-y NG o= g SETEeyEEs = it G5 T = 3
: Eis % HER Hi=HE i
= =23t = 3 i ,
= ; ! s, S : & ;
z = _, :
s Skt Rasut s mn T T B “ T T * Nt ' "
i . 3 s gt 1T fi 1 ”,. ¥ !
. ; G . _ T
. ” e i : i
T ! BT 1
! i s | N
i ; ; R s
] | gt il i I
| [ e [L] | T i
= ; SRR : 5
, i a :
i £ i
= =2t e
It p faayia a 7 HE =
3 e FHi=H i ;
, Alm Tt I,HV N pami ¢ L4 L H
it gt Stz i sy
S T 1 1) i1 i1
L. -t Ww - tn, | ” -.—
, Sptemmi i iEae = rage e
il fEE SRttt = i £
M : .t
B 8 by = H Al e :
o T : , 3 e
33 £ f T 1 it
: i = i |
: , : !
1 1
il
: i T ] BB
_ i [} [l } ! ;
| sl il | Bl
i Hr | i -
il TR i ; i
A i T i i T i ;
: i LT ] _ i A sk LRI oy A L
, PLATE 0. 2o
P-4

e

OF D.

CL A.




d40VvV_ 1

£ ON J1ivid

WA EPARTMENT . CORPS OF ENGINEERS, U. 5. AR_E

Too of da £1854

€50 Approsimate line of secpage For pool &f Spillway. 6%
., fine of ge for I5' swidhprqe on pool vith falwater of elevation 546
v -é‘m_-'rc‘stcn Dbasins
2
~ ~as” 4 s50" ropsoil, secdad . _
L sco S @2 - 5220 4" P 600
~. Paryious
N ~ i oy cinspection mensole
i i L QE AN A L 3,0 i
; canifer gkl A Cerosed joint) - . .
£ Lo it et ole grodoion: ;h/a"tw.-«.«mw T gtam /J:T" foﬁ*/?bm o A S 8 :_fdnrﬁar,‘ open Ja.:r{f sson)
[-3% o= TR grETIEn Y (8K 0" tomfsre s TEE siovs s v { SIS S pre ore 1577

Hest Pcfymy_g

lz0ct pervfous Food) it of | Hendom] Fervieus Mogerials )

-? doje  Sond| ano/ vel /r 'S, saaw [ ST P SN I
pd Pleriid B4

BC pipe] closed jbint N
z .mr its  sam e J 500
S
o
w PREDSPA VSO
z Brovn wells //:;caf7d ,»a’ Vertices RPN NN S
z |- of €0 equliafera, vratgles . Y | - o B
S Compacr Tl Classes 9,413 I compaer varved sits
5 . o e e et e e e e e . 1033C5_ G Br (Ov 1OCr
& > TSI IR [eape e Adsidpnie-Eom T G AT B U 7ﬁ;.m._~ —
z et e S

= Ty
Ronge m £e0ew® fo OOSRTendee 1y peliar s 7o oot 7o celiere

e e e e o o ] o
Compact s;/fg sand Cross 87 = Compalct pervious Sonds pemaus ffll of m.-gw rock vor ety L
e e s e e i e e R Cfasses 2 2% £, £-2. . 7 P 'w%
ATASAYL Y inr oy TTAT BT, e - . GTAYATA et s raT A At D '\_— AT 7 - 7 80
350 Approximare reck ltine //

i i = “ } "t = *P i F

CLAREMONT  DAM
GENERALIZED SECTION

CONNEGTICUT RIVER FLOOD CONTROL

GLAREMONT DAM
. GENERALIZED  SEGTION

SUGAR RIVER NEW BANPSHIRE
) SMEETS LAl )T E SHEET NO. |

4.5, ENGINEER OFFICE, PROVIDENCE, R.1., JAN. 1945

- SubATTED .
el Lot SOILS LABORATGRY STUDY
. . veas, saut Sobuiom |
R, Tt SL MO, CLS - a30
(0 T M TIET ) XD _ﬁ%ﬁlwm niLe W




WAR DEPARTMENT CORPS OF ENGINEERS, U.S.ARMY

SHEAR TEST
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SHEAR TEST
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